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DeBary (8) was the first to establish the doctrine of heteroecism 
and explain the relationships between the fructifications occurring 
in a complete life-cycle of a rust having all of the spore forms. He 
first proved by inoculation experiments that sporidia from teleuto- 
spores of Puccinia graminis Pers. when sown on the barberry produce 
there the spermagonia and aecidia, and further that these aecidio- 
spores taken from the barberry will again produce infections upon 
wheat. 

In case of rusts which do not show a complete series of these spore 
forms it has been supposed and is still assumed to some extent that 
the missing stages exist, but are simply unknown in their correct 
relation to the known spore forms. But the methods of cross-infec- 
tion, first successfully used by DEBARY (8, 9), have led to the solu- 
tion of many of the problems so far worked out in the life-cycle of the 
rusts, and by suitable infection experiments it has been established 
that one or more of the spore stages found in rusts with a complete 
life-cycle of the P. graminis type are regularly lacking in certain other 
Tusts. 

The question of the nature of the life-history in the -opsis, brachy-, 
hemi-, lepto-, and micro- forms, with their abbreviated cycles, has 
become of special importance since the discovery of sexuality and 
alternation of generations in the rusts. When comparing the com- 
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plete life-cycle of a form like Phragmidium violaceum with that of 
Phragmidium potentillae canadensis, in which the aecidium is lacking, 
the question at once arises whether forms with a less number of spore 
types are to be considered as primitive and incomplete and in the 
process of developing into the conditions in Eupuccinia, or whether 
they are reduced and degenerate types. This question can be settled 
only on. the basis of a complete morphological analysis of all the 
spore forms in question, and the following studies were undertaken 
as a contribution toward this end. 

The most varied morphological interpretations have been given 
for each of the spore forms of the rusts, and it is worth while to sum- 
marize briefly the literature from this standpoint. 

DerBary’s (10) interpretation of the relations of the spore forms, 
given more than twenty years ago, has been recognized by many 
even to the present day as authoritative. He says: “The develop- 
ment of the aecidium-forming Uredineae agrees so nearly with that 
of the typical ascomycetes that certain stages in each group may 
be regarded as homologous with one another, though it must be 
allowed that the proof of the homologies is not quite perfect.” The 
description of the farmation of the aecidium cup is given somewhat 
as follows: The earliest stages consist of a tangled weft of hyphae. 
These enlarge, forming a dense mass which has the appearance of 
pseudo-parenchyma. This mass corresponds very well to the peri- 
thecium of certain ascomycetes. The hymenial cells appear at the 
base of this mass. From these club-shaped “basidia” the spores are 
abstricted to form rows. In his theoretical discussion DEBArRy sug- 
gests the possibility of the hymenial layer having its origin in some 
large central female organ at the base of the aecidium. He was 
unable, however, to harmonize this view with what was known of the 
caeoma type of the aecidium. 

In 1888, MAssEE (18) figured and described a peculiar organ 
occurring in the aecidium of Uromyces poae Rab. He made sections 
of the infected leaves of Ranunculus ficaria, and these sections were 
kept alive and studied as the processes went on. MAsSEE found a 
large club-shaped branch at the base of the future pustule. A smaller 
antheridial cell was formed near by and fused with this oogonium, 
but the union was not clearly made out. The antheridium became 


1907] CHRISTMAN—MORPHOLOGY OF THE RUSTS 83 


empty and dwindled, while the oogonium became large and dense 
and nodules budded out upon its surface. These nodules elongated 
and formed the ‘“‘basidia” from which the rows of aecidiospores are 
abstricted. Those nodules formed near the base of the oogonium 
produced the peridium. Before the fusion he finds in the oogonium, 
on staining with methyl green, a well-defined nucleus. After the 
union with the antheridium, MAsSsEE observed several small nuclei 
in this organ. As to the nuclei of the nodules he gives us no data. 
This account of the origin of the aecidium would lead naturally to 
the conclusion that the aecidium cup is a unit structure arising from 
a single fertilization. In that respect it would be perfectly comparable 
to the ascocarp. 

ROSEN (23) in 1892 gave quite a different account of the forma- 
tion of the aecidium in the case of Uromyces pisi Pers. In this form 
the end cells of the hyphae which bear the spores become much 
enlarged and.at first contain one nucleus. This divides and the two 
so formed lie in the vertical axis of the cell. The one nearer the apex 
of this “basidium” divides to form two, and the portion of the cell 
containing them is separated off by the formation of a wall. This 
leaves the “basidium” containing one nucleus and the process may 
be repeated. ROSEN gives no account of a central organ from which 
the hyphae bearing the “‘basidia” arise. In the absence of such an 
organ the argument that the cup is the unit structure loses force. 
This would be even more markedly true if the same account of spore 
formation were found true for the aecidia of the caeoma type. 

A year later DANGEARD and Sappin-Trovurry (7) published an 
account of work done on the aecidia and also the teleutospores of 
\ Various rusts. They interpret the fusion of the nuclei occurring 

in the teleutospore as being a fertilization and give to the process 
the name pseudojécondation. They regard the mature teleuto- 
spore as a fertilized egg and attach little significance to the origin 
of the binucleated condition. Sapprn-TrourFry also made some 
observations upon the spore-formation in other stages of the rusts. 

In the teleuto pustules of Gymnosporangium sabinae he found that 

one of the two nuclei of the “hymenial cell” enters the bud. A 

wall separates the bud from the basal cell, after which the single 

nucleus divides. These two nuclei now lie side by side in the bud 
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and a simultaneous division occurs. A cell wall is then formed which 
separates the top or spore cell from the pedicel. SApPIN-TROUFFY 
(25) later describes a similar budding in the uredospore pustule of 
Uromyces betae Pers. ‘The process is the same except that a conjugate 
division of the two nuclei in the basal cell provides two nuclei for the 
young bud, instead of the basal cell sending one of its two nuclei into 
the bud. In my opinion it is altogether likely that the nuclear behavior 
in Gymnos porangium sabinae is the same as that described for Uromy- 
ces betae. In connection with his account of Uromyces betae, SAPPIN- 
TROUFFY points out the morphological likeness between the inter- 
calary cell of the aecidium and the stalk cells of the uredospores. 
SAPPIN-TROUFFY (25) also shows that the cell at the base of the 
row of aecidiospores remains binucleated during spore-formation. 
The nuclear phenomena found in Uromyces erythronit DC. 
are different from those described by Rosen. The two nuclei 
which normally lie irregularly placed in the end cell of the ‘“spor- 
iferous filament” come to lie side by side just before division. 
Simultaneous division of the two nuclei provides two nuclei for the 
cell which is to be separated off and leaves two to remain in the end 
cell of the hypha. Sapprn-Trovurry finds that in a great many rusts 
the binucleated phase has its beginning in these end cells. In his 
account there is no mention made of a large central organ such as was 
described by Masser. His observations, like RosEN’s, would indi- 
cate that the rows of spores are perfectly independent structures. 

PorrAuLT and RACIBoRSKI (21) gave a similar account of the 
behavior of the cells at the base of the aecidium. They believe that 
a single spindle is formed in the process of conjugate division, and 
with the work of Sapprn-TRoUFFY mentioned above have established 
quite satisfactorily that the two nuclei of the cells of the uredo and 
teleuto stages have each a distinct line of ancestors dating back to 
the basal cell of the aecidium at least. 

In 1896 RICHARDS (22), working on Uromyces caladii Farl., found 
a large hypha, which he called the fertile hypha, at the base of the 
young aecidium. This hypha gives rise to several short branches, on 
the ends of which are borne the rows of spores. The “basidium,” 
as he calls the end cell of one of these short branches, contains two 
or more nuclei; one migrates to the apex and there divides. The 
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portion of the ‘“‘basidium” which contains the two nuclei is separated 

off by a wall. RicHaRps’ observations on nuclear behavior are of 
rather uncertain value, since he believed that all parts of the aecidium, 
including the vegetative mycelium, contained binucleated cells. He 
describes the same general method of aecidium-formation for the 
aecidia on Houstonia caerulea and Ranunculus septentrionalis. The 
process here described shows a marked resemblance to that found 
by MasseE. There is a large hypha, which may be the outgrowth 
from a sexual cell or may have so originated in the ancestors of the 
rust. 

MarrE (16), in 1900, found in Endophyllum sempervivi Alb. & 
Schw. that the vegetative hyphae consist of uninucleated cells to their 

‘very ends in the base of the aecidium. These end cells, however, 
enlarge and become binucleated by a nuclear division unaccompanied 
by a cell division. Upon this binucleated end cell the spores are 
borne. Marre holds this process to be quite universal in the aecid- 
ium. In another paper (1'7) published about the same time, MAIRE 
compares the life-history in the Uredineae with that of the mosses 
and ferns and of cyclops. He sees in the beginning of this binu- 
cleated phase in the life-cycle the change from gametophyte to sporo- 
phyte, and in the fusion of the nuclei in the teleutospore a ‘“mixie,” 
while in the germination of the teleutospore and in the promycelium 
there occur the reduction divisions. The doctrine of alternation of 
generations in the development of the rusts, while opposed in essential 
points to the views of DANGEARD and Sappin-TRourFrFy, has found 
confirmation in the later work of BLACKMAN and myself. 

BLACKMAN (2) in 1904 was perhaps the first to show that two cells 
are concerned in the production of the binucleated cell at the base of 
the row of aecidiospores. In Phragmidium violaceum Wint. he found 
a series of large uninucleated cells standing vertically beneath the epi- 
dermis of the host. Each cell cuts off a sterile apical cell and then 
becomes binucleated by the entrance of a nucleus from one of the 
neighboring vegetative cells. This nuclear migration is accomplished 
by the smaller nucleus from the vegetative cell penetrating the wall 
by drawing itself through a small perforation. BLACKMAN terms this 
cell containing the two nuclei the fertile cell, and from it the row of 

spores and intercalary cells is produced. BLACKMAN agrees with 
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Marre in his general conclusions regarding the chromatin fusion and 
reduction in the maturing and germinationof{the teleutospore. He 
further believes that the entrance of the vegetative nucleus is to be 
interpreted as a fertilization, though describing it as a “reduced fer- 
tilization” which has replaced a former fertilization by a true male 
cell—the spermatium. 

Shortly after the appearance of BLAcKMAN’s paper, I described 
(5) a true fertilization in a somewhat similar form—Phragmidium 
speciosum Fr. The method of union of the two cells was found to be 
decidedly different. The cells combining are of approximately equal 
size, as are also their nuclei. Two such cells come together at some 
point on their adjacent walls. A considerable portion of the walls 
in contact dissolves away and the two protoplasts fuse. This large 
structure now elongates and from its apex a row offspores is abstricted 
(fig. 18). The same general behavior of the’cells was found to occur 
in the aecidium of Uromyces caladii. Here, however, the cell pro- 
duced by the fusion of the gametes elongates to a greater extent than 
in Phragmidium speciosum, and the two nuclei wander out into the 
elongated portion and remain there during spore-formation. The 
two bases of the ganretes are often nearly obliterated. On the basis 
of these facts it was suggested that the rusts were after all more closely 
related to the lower fungi than to the red algae and ascomycetes. 
Certainly the union of the two cells is very like the zygospore forma- 
tion common in the lower forms. 

BLACKMAN and FRASER (3) in 1906 confirmed BLACKMAN’S pre- 
vious observations on nuclear migration, this time working on the 
aecidium of Uromyces poae Rab. As described for Phrag. violaceum, 
they found that the nucleus migrates through the cell wall. Similar 
migrations were found in the aecidium of Puccinia poarum Niels. 

In the aecidium of Melampsora Rostrupi Wagn., distinct evidences 
were obtained of the fusion of two large equal cells. In Puccinia 
malvacearum Mont., Puccinia adoxae DC., Uromyces scillarum Wint., 
and Uromyces jicariae Lév., BLACKMAN was unable to locate the origin 
of the binucleated phase. He suggests that a nuclear migration 
occurs in the hyphae some time between the infection with sporidia 
and aecidiospore-formation. 

Still later (1907) I have described (6) a fusion of cells similar to 
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that previously described for Phrag. speciosum and Uromyces caladii, 
but occurring in the formation of the primary uredospores of Phrag. 
potentillae canadensis Fr. The conditions here resemble those in 
Uromyces caladii more closely in that the nuclei leave the bases of the 
original gametes and come to lie in a very much elongated outgrowth 
of the fusion cell (fig. 19). The first cell is separated off from this 
basal cell much as it is in the typical aecidium. This cell divides 
into a spore and into the smaller sterile cell, in the aecidium known 
as the intercalary cell. Here this sterile cell elongates to form a stalk 
upon which the spore is borne. A second spore and stalk are formed 
beside the first by the pushing-out of a bud which is separated from 
the basal cell by a wall. This cell is formed into a spore and stalk cell 
in the same manner as was the first. These observations confirm 
most positively WINTER’S (27) suspicion that the primary uredo 
represents the aecidium of the Brachypuccinia forms and suggest 
further the morphological likeness between the stalked spores and 
those which are borne in rows and are separated by intercalary cells. 
The earlier wriiers were plainly of the opinion that the aecidium 
cup had its origin in a single sexual organ, in which case apparent 
homologies between the aecidium cup and the ascocarp were con- 
ceivable. The existence of a fusion at the base of a cup from which 
the spore-bearing hyphae arise is still not established. Even if estab- 
lished it would leave the development of the caeomas unexplained. 
All later work has shown the rows of spores to be independent of one 
another in their development, both in the caeomas and in the cuplike 
aecidia. There can be no question that there is an apparent mor- 
phological equivalence between a row of spores of the caeoma and a 
row of spores in the aecidium cup. That being the case, it would 
appear that the latter is simply a more compact and protected condi- 
tion inclosed within the peridium. It is plain that this peridium is not 
to be compared with the perithecial wall of the ascocarp, since the 
latter is purely gametophytic, being an outgrowth from those hyphae 
which bear the gametes. The peridium of the aecidium cup is well 
known to consist of rows of abortive spores and hence is sporophytic. 
The sterile mass of cells, which DEBARY compares with the perithe- 
cium and which appears before the hymenium is laid down, is perhaps 
comparable to the sterile cells which are cut from the gametes in 
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the caeomas just before the conjugation. From the closely built 
structure of the aecidium cup it would not necessarily follow that 
the structure is developed from a single organ, since we have uredo- 
spore pustules in the Coleosporiums, which, without having a perid- 
ium, are quite as compact as are the aecidium cups of such a form 
as Uromyces caladii, and no sexual process can be assumed to have 
occurred in their origin. 

As a foundation for a correct morphological interpretation of 
these various spore forms, I have undertaken a careful study of 
the development of those spore types which do not originate in a 
fusion cell. 

UREDOSPORES 

The secondary uredospores of Phragmidium potentillae canadensis 
are especially interesting because of their general resemblance to the 
primary uredospores which arise from a fusion cell as I have described 
(6). The secondary uredospores also arise from a large basal cell 
which contains two large nuclei. The basal cell here is borne upon 
a mycelium of binucleated cells (fig. 1). No fusion occurs in its 
formation, but it is plainly the equivalent, in its mature condition, of 
the so-called “basidium” of the aecidium cup which arises from a 
fusion cell. The two nuclei of the basal cell divide by conjugate 
division, and the pair of daughter nuclei lying in the distal portion of 
the basal cell are separated off by a cross wall, thus forming the first 
spore-initial cell. A further conjugate nuclear division, followed by 
a cell division, at once separates this initial cell into a spore and a 
smaller cell below, which elongates to form a stalk upon which the 
spore is borne (fig. 2). About the time the first spore is formed, a 
bud appears on the basal cell beside the stalk of the first uredospore 
(jig. 3). A second simultaneous division of the nuclei of the basal 
cell provides this bud with two nuclei, leaving two in the basal cell. 
A wall now separates off this second uredospore-initial cell (fig. 4). 
It in turn divides, forming a second spore and stalk in the manner 
described for the first (fig. 5). In the same manner a third spore is 
produced (fig. 21). 

On comparing these figures with the ones given in my descrip- 
tion of spore-formation in the primary uredo (6) of this same rust, 
the striking likeness is at once apparent. The only difference lies 
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in the method of formation of the basal cells and in the binucleated 
condition of the vegetative mycelial cells from which they arise. The 
primary uredosorus arises from a mycelium of uninucleated cells 
(fig. 6), while the secondary uredosorus arises on a mycelium with 
regularly binucleated cells (fig. 1; compare figs. 19 and 27). 

Like the secondary uredospores of Phragmidium potentillae cana- 
densis, the uredospores of the Coleosporiums are borne upon a myce- 
lium of binucleated cells. On this mycelium large basal cells are 
formed in the same way as in Phragmidium. When the spores 
form, however, as figured and described by HoLDEN and HARPER (4), 
the second uredospore-initial cell is cut off directly beneath the first 
spore and intercalary cell. This is repeated in the case of the follow- 
ing spores, and a row of uredospores separated by intercalary cells is 
formed, having exactly the appearance of the rows in the true aecid- 
ium (fig. 20). 

Uredospores are generally unicellular, but, as RozE (24) and later 
Jacky (15) have shown, the uredospores of Puccinia chrysanthemi 
are quite commonly two-celled. 


TELEUTOSPORES 


I have studied in detail the formation of the teleutospores of 
Puccinia podophylli S., and a similar series of cell phenomena to 
those described for the secondary uredospore of Phragmidium poten- 
tillae canadensis is to be observed here. A series of large binucleated 
cells is formed beneath the epidermis of the host. These cells are 
the ends of hyphae which are made up entirely of binucleated cells 
and are in position and general appearance exactly like the basal 
cells of the uredosori, and like those cells bear the spores. Conju- 
gate nuclear division followed by cell division now separates off a 
large distal cell or teleutospore-initial cell (fig. 7). As in the case of 
the uredospore, this cell now divides to form the spore and the stalk 
(fig. 8). In the genus Uromyces the teleutospore remains unicellular. 
Here, however, like the uredospore of Puccinia chrysanthemi, this 
one cell divides to form the characteristic two-celled spore of the 
genus Puccinia. As is well known in Triphragmium and Phrag- 
midium, three and four-celled spores are produced from a single 
initial spore-cell. It is plain that this multiplication of cells in the 
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teleutospore increases the number of sporidia produced and so 
increases the chances of infecting the aecidium host the following 
spring. The developmental stages in this case were worked out in 
greater detail in connection with the formation of the second spore 
produced from the basal cell. About the time the cell division for 
the formation of the first spore is complete, a hyphal bud is pushed 
up beside the stalk of the first spore. A nuclear division occurs in 
the region of the neck of this bud (fig. 9). The spindles are here so 
placed that there can be no question but that a daughter nucleus 
from each of the nuclei of the basal cell will enter the bud, while the 
other two daughter nuclei will remain in the basal cell. The bud 
is separated from the basal cell by a wall, thus forming the second 
teleutospore-initial cell. A simultaneous nuclear division follows 
within this cell (fig. 10), and a cell wall cuts off the spore cell and the 
stalk cell. That it is the upper one of these two cells which produces 
the two cells of the teleutospore is shown in fig. 11, where the cell 
wall is just forming. A third bud is formed at about this time and a 
third spore is produced in the same manner as has just been described 
(fig. 12). 

While at work orf the teleuto stage of Puccinia podophylli a further 
interesting phenomenon was observed. The occasional occurrence 
of trinucleated cells, together with BLACKMAN’s account of migra- 
tions of nuclei among vegetative cells in Puccinia poarum, suggested 
that possibly nuclear migrations occur in the fungi, as well as in the 
higher plants, as purely pathological phenomena. 

MIEHE (19) has shown that when the epidermis is stripped from 
the leaves of Allium nutans the nuclei of certain cells become pointed 
and finally a thin beak penetrates the wall into a neighboring cell. 
The portion of the nucleus which has passed the wall enlarges to 
form a highly refractive, densely staining vesicle. This vesicle 
increases in size as the nuclear material finally passes over into the 
foreign cell. MirHe has found cells containing as many as five 
nuclei as a result of such migration. The explanation given is that 
the condition is a pathological one in which the nuclei migrate as a 
reaction to the wound inflicted in removing the epidermis. 

ScHURHOFF (26) found essentially the same phenomena occurring 
in Iris germanica. He also mentions the formation of the vesicle 
which has a marked affinity for the red of the triple stain. 


i 
¢ 


1907] CHRISTMAN—MORPHOLOGY OF THE RUSTS gi 


A careful study of the teleutosori of Puccinia podophylli revealed 
that nuclear migrations are quite common here. This was particu- 
larly true at the base of the spores and in the margins of the sori. 
The nucleus forms a beak which penetrates into a neighboring cell 
(fig. 13). This projection elongates, forming a sort of thread as the 
material of the nucleus passes over into the foreign cell (fig. 14). 
At this stage the elongated portion of the nucleus loses its normal 
structure and becomes densely stained with the red of the triple stain. 
This dense staining is figured by MIEHE and ScHUrHoFF, and appears 
in figures by BLAcKMAN. The portion of the nucleus which has 
passed the wall now begins to enlarge (figs. 15, 16). In the latter 
figure there is evidence that the nucleus migrates from one cell of a 
hypha to the next, while in the other cases the nuclei appear to be 
migrating from one hypha to another. 

Sections which show all the nuclei of the cells concerned in the 
migration are hard to obtain. By studying the series of sections to 
which fig. 14 belongs, it was found that cell @ contained two nuclei, 
while cell 6 contained but one. From this it seems plain that in 
this case there is a migration between normal vegetative cells of the 
sporophyte where no fertilization can be assumed. This would 
result in the production of a cell with three nuclei. Indeed this con- 
dition is quite common (fig. 17). 

The only interpretation possible here seems to be the one given by 
MIEHE, that this condition is entirely pathological and possibly due 
to the wound produced at the time of fixation. The fact that three- 
and four-nucleated spores are often found has been pointed out by 
SAPPIN-TROUFFY and BLACKMAN. If such spores result from patho- 
logical nuclear migration, this would indicate that the pathological 
condition which produced the migration must have occurred a con- 
siderable time before fixation, which is hardly an adequate hypothesis. 
The wounding in preparation for the killing solution perhaps explains 
well enough figures in which the nuclei are in process of migration. 
The fact that the migrations were observed in many cases in a sort of 
rudimentary paraphysis bounding the pustules is perhaps significant. 
It undoubtedly helps to explain certain conditions in the cuplike 
aecidia where isolated binucleated cells are often found in the older 
pustules quite out of range of the bases of the rows of spores where 
the fertilization processes occur. 
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MORPHOLOGICAL DISCUSSION 


It cannot be decided, perhaps, on the data at present available 
whether the fusion at the end of the uninucleated generation is of 
a primary or secondary nature and origin. There can be no question, 
however, that it is physiologically the fertilization stage in the develop- 
ment of the rust, and that it is the beginning of a sporophyte generation 
which ends with the reduction divisions in the germinating teleuto- 
spore, as described by Marre (16, 17) and later by BLACKMAN (2). 
HarPER (13) has also argued, on the data given by BLACKMAN and 
myself, that an essentially similar alternation of generations is found 
in the rusts to that in the ascomycetes and red algae. The existence 
of well-defined gametophyte and sporophyte stages in these forms 
can no longer be questioned. 

If we take up the cases of the aecidio-, uredo-, and teleuto- 
spores in the light of the facts above described, it is plain that we have 
in the successive production of these forms a series of asexual repro- 
ductive cycles within the sporophyte generation. In thus showing a 
series of subgenerations, each ending with a particular spore form, 
which taken together compose the sporophyte, the rusts are unlike 
any other group of ‘plants in which true alternation of generations is 
known. 

The essential characteristics of these subgenerations is that in each 
case they begin and close with the peculiar structure first described 
and long known as “‘basidium,” or, as BLACKMAN has pointed out, 
better called the basal cell. This is the morphological unit, whose 
correct interpretation gives the key to the explanation of the puzzling 
and hitherto unexplained reduplication of forms which is at once 
the most conspicuous and least understood feature of the entire group. 

With the establishment of the identity of the basal cells of the 
uredosori and teleutosori with one another and with the basidium of 
the aecidium, and the interpretation of this cell in the aecidium as the 
' primitive spore-producing cell of the sporophyte generation of the 
rusts, the morphology of such diverse and puzzling structures as 
aecidio-, uredo-, and teleutospores and stalk and intercalary cells 
becomes at once clear. 

Considered from this point of view, we find the gametophyte 
generation consisting of a mycelium of uninucleated cells, beginning 
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with the sporidia and ending with the fusion of two gametes, and 
- bearing asexually one kind of spores, the so-called spermatia. The 
question as to how the so-called secondary aecidia arise must be 
regarded as still unsettled. DreTeL (11) has shown that infections 
from aecidia in the case of Uromyces scrophulariae DC. may repro- 
duce crops of aecidiospores. In this case one or more of three things 
may have taken place: the infecting aecidiospore may have germi- 
nated by the formation of a sort of promycelium and sporidium, thus 
returning to the uninucleated condition, as is the case in Endophyllum; 
or these secondary aecidia may be borne upon a mycelium of binu- 
cleated cells, in which case they are not aecidia at all, but rather 
uredospores borne in rows such as occur in Coleosporium; or sper- 
matia capable of producing infection may accompany some of these 
forms having the secondary aecidia. 

Against this last view we have the present belief that the spermatia 
are functionless, a belief which in view of the great number of forms 
to be studied is certainly open to some question, especially since 
BREFELD (4) and PLOWRIGHT (20) claim to have seen distinct evi- 
dences of normal germination in the spermatia of Puccinia graminis, 
Uromyces pisi, Puccinia tragopogonis, Puccinia coronata, and others. 
This is a behavior quite unlike what might be expected of true sper- 
matia. In my opinion, the likeness of the rusts to the red algae is very 
questionable, and the arguments that the spermatia are the former 
male cells are none too convincing. I incline rather to the view that 
spermatia represent the once functional asexual spores of the game- 
tophyte. This view finds support in the fact that they are in general 
appearance very like the functional asexual spores (pycnidia) of the 
gametophyte of certain ascomycetes; also in structure and general 
appearance they are very like the other gametophytic spores of the 
rusts, the sporidia, which are still functional; further, unless we 
interpret the spermatia as the asexually produced gametophytic 
spores, the gametophyte generation is left entirely without means of 
reproducing itself without passing through the stages of the sporo- 
phytic generation. As yet, however, it must be admitted that definite 
evidence as to the nature of the spermatia is very incomplete. 

The binucleated sporophytic generation which, as MAIRE (17) 
has pointed out, is comparable to the generation with the double 
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number of chromosomes in the higher plants, has its beginning in the 
cell produced by the fusion of two gametes—the fusion cell. This 
_ cell produces a more or less elongated outgrowth which has been long 
known as the “basidium,” and has been often figured and fully 
described. For obvious reasons, that BLACKMAN has pointed out, the 
term basal cell is to be preferred to the old term basidium. This cell 
now produces spores, being a generative cell. The spores may be 
borne in chains, as has been so often described for the true aecidia, or 
they may be produced by a process of budding and so be borne on 
stalks, as I found to be the case in the primary uredosori (jigs. 18, 19). 
The spores produced by this first basal cell may infect the same 
host upon which the gametophyte is parasitic, or they may infect 
some other host and produce there a sporophyte mycelium. After a 
period of development this mycelium fruits. When spores are to be 
produced, large binucleated cells—the basal cells—in all essentials 
like the cells upon which the aecidiospores and primary uredospores 
are borne, again appear, this time upon the ends of the binucleated 
hyphae which mass together beneath the epidermis to form the uredo- 
sorus. By a process of cell division above described the uredospores 
are formed. These uredospores may be borne in rows and sepa- 
rated by intercalary cells, as in the case of Coleosporium, or they may 
be borne upon stalks, as described above for Phragmidium poten- 
tillae canadensis. The uredospores may reinfect the same host or hosts 
and repeat this generation an almost indefinite number of times, as 
is commonly supposed to be the case in Puccinia rubigo-vera. 
Usually, after a few generations of uredospores have been pro- 
duced, the binucleated mycelium bears the teleutospores which are to 
end the sporophytic phase in the life-cycle. When teleutospores are 
about to form, end cells of the hyphae again return to the condition of 
the large basal cell, and the teleutospores are budded off exactly as are 
the primary and secondary uredospores. At present we know of 
only one form in which the teleutospores are borne in chains and 
separated by intercalary cells. Another approach to this condition 
is perhaps found in the sessile teleutospore of Melampsora and 
Coleosporium. The teleutospores of the different genera are only 
secondarily characterized by being made up of one to several cells. 
The bearing of these facts upon the problems of classification 
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presented by the rusts is of primary importance. Assuming the exist- 
ence of alternation of generations, there can be no doubt that the 

{ gametophyte is to be regarded as the primitive, original generation. — 
The autoecious rusts are probably to be regarded also as more primi- 
tive than those which are heteroecious. It is most suggestive of the 
truth of this view that the rusts show alternation of generations at the 
time the change from one host to another occurs. Older schemes 
of classification of course have left all such considerations out of 
account. 

ScHROETER has classified the rusts on the ground of the various 
types of spores occurring in the life-histories of the different forms. 
To him we are indebted for the convenient separation into eu-, 
-opsis, brachy-, hemi-, micro-, and lepto- types. Obvious difficul- 
ties arise with this classification as used up to the present time. 
Assuming all primary uredospores to be in reality aecidiospores, as 
is the case in Phragmidium potentillae canadensis, would at once 
throw all of the brachy- and hemi- forms into the Eupuccinia class. 
If we retain the term Brachypuccinia on the ground of the primary 

. uredospores having stalks, to be consistent it would be necessary to 
class Coleosporium with the -opsis forms, since its uredospores are 
borne in rows as are aecidiospores. 

DEBary (10) made his first division in the group by separating 
the aecidium-forming rusts from the so-called tremelloid forms. He 
regards the former as being homologous in esSential details with the 
ascomycetes, and points out that the tremelloid forms may be regarded 
as either more primitive and in process of being developed, or reduced 
forms produced by the modification of the aecidium-bearing forms. 
It is plain, however, that with our present knowledge no such division 
is to be considered. As I have pointed out, the primary uredo is 
morphologically an aecidium. Further, Dr. OLIVE permits me to 
quote results, not yet published, which show that the teleutospores of 
Puccinia transformans, a micro- form, are borne upon basal cells 
which are the outgrowth of a fusion cell produced upon a mycelium 
having uninucleated cells. There are then teleutospores which in 
their origin are the same as the aecidiospores and primary uredo- 
spores, and this argues very strongly that the stage with uninucleated 
cells is to be regarded as always present. 
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ARTHUR’S (1) new classification is based upon the assumption 
that all of the spore forms—spermatia, aecidio-, uredo-, and teleuto- 
Spores, and sporidia— were present in the ancestors of our rusts, and 
he leaves untouched the question of the origin of this multiplicity of 
spore forms. Reasoning from this assumption, the forms with ab- 
breviated life-cycles arise by a process of elimination. In this way 
any portions of the sporophyte and perhaps the whole gametophyte 
might be successively suppressed. 

Endophyllum has perhaps arisen inthis way. Inita 
mycelium produces binucleated aecidiospores which apparently have 
no uredo host. The spores germinate by a sort of promycelium 
which bears four uninucleated sporidia. These sporidia again infect 
the aecidial host, producing again a mycelium of uninucleated cells. 

If we assume on the other hand that the rusts evolved from lower 
fungi, and that the various subgenerations of the sporophyte are 
being added and intercalated, as well as perhaps in some way old 
forms eliminated, quite a different classification is suggested. The 
gametophyte is universally regarded as the primitive generation, and 
in its earliest appearance was relatively simple. In the pteridophytes 
the sporophyte ingreases in importance until the gametophyte is 
finally the more inconspicuous. 

I incline to the view that the /epto- and micro- forms, in which the 
teleutospores or spermatia and teleutospores only occur and are borne 
on mycelia with uninucleate cells, are the primitive rusts. We have 
in them the gametophyte bearing the gametes and producing the 
fusion cell. A very short outgrowth of this cell now bears the teleuto- 
spores in which the sporophyte generation has its end. The first 
modification of this life-history would then appear in a further develop- 
ment of the sporophyte. This might be brought about by the fusion 
cell producing a mycelium directly rather than the basal cell normally 
produced, or it is possible that the basal cell should produce temporary 
spores, which might carry this sporophytic mycelium to other tissue, a 
result which would be altogether favorable on account of the exhausted 
condition of the host in the neighborhood of the fusion cell. Spores 
formed in this way would conform to our definition of primary uredo- 
spores, which it would thus appear are to be considered as the first 
added spore generation, and the brachy- form would thus be the first 
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derived type. With such a first crop of temporary spores once 
formed, it is easy to see how they might be formed in successive 
crops—the secondary uredospores—before the teleutospores are 
finally formed and the sporophytic generation closed. 

A modification of the stalk cell with loss of essential function would 
result in the formation of the true aecidium. The short intercalary 
cells of the aecidium give us a decided argument for the belief that the 
aecidiospores are not the primitive spore type, since I am of the 
opinion that we can only regard the intercalary cell as practically 
a functionless cell. The argument that the intercalary cell is for 
the purpose of disjoining the spores is hardly tenable, since we have 
many fungi in which, as in Cystopus, chains of conidia are formed, the 
spores of which separate readily without alternating sterile cells. 
Looked upon as a rudimentary stalk, we can hardly assume that it is 
in process of progressive evolution, since from that point of view we 
would have the curious case of a functionless structure being first 
developed, to be modified later into a structure of some service to the 
plant. It is relatively common, on the other hand, to find that func- 
tional structures degenerate on becoming useless, becoming smaller 
and finally disappearing. The degeneration of the uredo stalk cell is 
doubtless correlated with the development of the spore pustule, result- 
ing in the formation of the spores in chains instead of in a horizontal 
series. The spore-initial cells, which have in other cases divided to 
produce spores and stalk cells, still divide, forming the spore and the 
small intercalary cell, the degenerated representative of the former 
stalk cell. With the change from the stalked primary uredospores to 
the chains of aecidiospores, we have formed the typical autoecious 
eu- type of rust. If now the sporidia find a more favorable host in 
some other plant than that bearing the uredospores and teleuto 
spores, a later change of host for the sporophyte generation would 
explain heteroecism. It is certainly conceivable that the change of 
host should occur at the germination of the first-formed binucleated 
spore. Certainly the sporidia and the gametophytic mycelia produced 
by them are sufficiently different from the sporophytic aecidiospores 
and uredospores and the mycelia which they produce to explain such 
a change in some measure. 

From either point of view it would appear that a heteroecious 
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eu- form is the highest in complexity and a late stage in the develop- 
ment of the rusts. The peridium is undoubtedly a late modification 
for protection, and cuplike aecidia are very likely less primitive than 
the caecomas. This would argue that a rust of the Puccinia graminis 
type is in structure very far removed from the primitive rust, a view 
which is quite opposed to the stand taken by BLACKMAN. 

I entirely agree with DreTEL (12) that the presence or absence 
of the secondary uredospores in the life-cycle is of secondary impor- 
tance when considering the history of the rusts. The essential stages 
are those of cell fusion and chromatin fusion and reduction. The 
uredospores simply prolong the sporophytic phase as the conditions 
demand, and it is likely that the -opsis forms may result from the 
elimination of the uredo stage in some rusts; while in others they 
represent an earlier less complete stage in evolution than the eu- forms. 

The curious condition found in Endophyllum may well have 
arisen by the elimination, for some cause, of the teleuto and uredo 
stages. The cuplike structure and short intercalary cells all point to 
its once having been a very highly specialized form from the stand- 
point of evolution. It is quite conceivable that as a result of some 
change in conditioN the aecidiospores should have developed the 
capacity to reinfect the aecidium host. 

The facts of alternation of generations in the rusts are in harmony 
with DreTeL’s view that the micro- and /epto- forms are the most 
primitive types of rusts. Besides the arguments advanced above, 
we have in the diverse structures of the teleutospores of the different 
genera a further support for this view. Assuming the teleutospores to 
be the oldest spore form, it is easy to see how they might have become 
more markedly modified than the newer uredo- and aecidiospores. 
The loss of function of the spermatia as gametophytic conidia, too, 
is exactly what might be expected with the development of the sporo- 
phytic spores. 

The writer wishes to acknowledge his indebtedness to Professor 
R. A. HARPER for his many helpful suggestions and other assistance, 
and also to Dr. E. W. OLtve for permitting him to use the data con- 
cerning Puccinia transjormans in advance of its publication by him. 
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EXPLANATION OF PLATE VII 


Figs. 1-17 were drawn with the camera lucida, using ocular IV and the 
;'g oil immersion objective of Lei Figs.. 18-. i-di ic and 
os jective of Leitz. Figs.. 18-22 are semi-diagrammatic an 
the magnification has been adjusted to bring the figures of the different rusts 
to approximately the same dimensions on the plate. 


Bhragmidium potentillae canadensis 


Fic. 1.—A portion of the mycelium showing the binucleated condition of 
the cells of the secondary uredo. 

Fic. 2.—The first spore-initial cell dividing into spore and stalk cell. 

Fic. 3.—An early stage in the budding-off of the second spore. 

Fic. 4.—A fully formed second spore-initial cell. 

Fic. 5.—The divisions forming the second spore and stalk have been com- 
pleted; the stalk of the first spore is also shown. 

Fic. 6.—A portion of the mycelium showing the uninucleated condition of 
the cells (compare with fig. 1). 


Puccinia podophylli 


Fic. 7.—A stage showing the basal cell and the first teleutospore-initial cell. 

Fic. 8.—The spore-initial cell has divided into a stalk cell and a larger distal 
cell which is to divide and produce the two-celled teleutospore (see jig. 11). 

Fic. 9.—Simultaneous nuclear division supplying the second spore-initial 
cell with nuclei. 

Fic. 10.—A second spore-initial cell showing nuclear division before division 
into stalk and spore. , 

Fic. i2.—A stage showing the division of the distal cell into the two ‘cells 
the spore. 
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Fics. 13-16.—Various stages of nuclear migration in the mycelium of the 
teleutosorus. 
Fic. 17.—A mycelial cell showing three nuclei. 


Semi-diagrammatic figures 


Fic. 18.—Phragmidium speciosum. Mycelial cells of the aecidium showing 
uninucleated cells bearing a fusion cell and the rows of spores and intercalary cells. 

Fic. 19.—Phragmidium potentillae canadensis, showing uninucleated mycelial 
cells in the primary uredo similar to those in the aecidium; a fusion cell is formed 
in much the same way as in the aecidium; the elongated basal cell represents an 
outgrowth after fusion; here the spores are budded off as a horizontal series 
and are borne on stalks. 

Fic. 20.—Coleosporium solidaginis. Uredospores borne in chains on a 
mycelium of binucleated cells. 

Fic. 21.—Phragmidium potentillae canadensis. Secondary uredospores 
budded from the basal cell; the mycelium is composed of binucleated cells. 

Fic. 22.—Puccinia podophylli. Teleutospores in various stages of forma- 
tion; the cells of the mycelium each contain two nuclei. 
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DEVELOPMENT OF THE WALLS IN THE PROEMBRYO 
OF PINUS LARICIO 


CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 
XCVI 


N. JOHANNA KILDAHL 
(WITH PLATES VIII AND IX) 
HISTORICAL SKETCH 

In 1862 HoFMEISTER (1) gave the principal facts in the develop- 
ment of the proembryo of Pinus Strobus and Pinus Abies, although 
he did not touch upon the development of the walls. 

STRASBURGER (2) worked out the development of the proembryo 
in more detail in 1876, and he was the first to recognize the arrange- 
ment in tiers. He says that after the four free nuclei have reached the 
basal end of the egg, and arranged themselves into a plane, the nuclei 
opposite each other exert an influence upon the surrounding proto- 
plasm, giving it a parallel-striped appearance, and that this influence 
is also exerted upon tlfe protoplasm of the egg mass above the nuclei; 
a row of granules then appears upon the parallel stripes; at the meta- 
phase of the first division, after the nuclei have reached the base of 
the spore, the stripes and row of granules toward the egg-mass dis- 
appear, while those between the nuclei persist, form membranes, and 
become the permanent vertical walls. 

In 1898 BLACKMAN (3), in describing the proembryo of Pinus 
silvestris, said that after the four nuclei have passed to the bottom of 
the egg they become surrounded by protoplasmic fibers which radiate 
from the nuclei into the cytoplasm; they have no definite arrange- 
ment, but are mostly directed away from the base of the egg. Ata 
later stage, when the four nuclei have arranged themselves in one 
plane, the fibers also are confined to the basal end of the egg and form 
a mass in which the nuclei lie, the mass projecting a little above the 
nuclei; after this the two walls are formed at right angles to each other 
and to the base of the egg, so that each nucleus lies in one end of a 
shaft which is open toward the main mass of the egg; after the walls 
have been formed the fibers disappear. He says that he could not 
Botanical Gazette, vol. 44] [102 
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determine exactly what part the fibers play in the formation of these 
walls, but of their connection with them there can be no doubt. 

The next work on Pinus was that of CHAMBERLAIN (4), who 
describes the four nuclei in moving toward the base of the egg as 
being invested by strong fibers which are directed tangentially. 
“Upon reaching the base of the oospore the four nuclei arrange 
themselves in a plane and become ensheathed by fibers derived from 
the nuclear membrane. Two walls are then formed at right angles 
to each other and to the base of the spore, each nucleus thus being 
separated from the others, but freely exposed to the general cyto- 
plasm of the spore.” He quotes BLACKMAN (3) as thinking that 
these fibers have some intimate connection with the formation of the 
walls, and thinks that the appearance of these first incomplete walls 
is quite apart from nuclear division. 

In 1904 Miss FERGUSON (5) stated that “‘after attaining full 
size, the four nuclei pass to the base of the oosphere.”” ‘‘ During their 
descent many fibers arise in the cytoplasm surrounding the nuclei,” 
and she quotes BLACKMAN as suggesting a relation between these 
fibers and the walls that arise later, but says that she finds no con- 
nection between the two. In regard to the formation of the first walls 
she says: ‘‘ During mitosis the deeply staining substance surround- 
ing these nuclei condenses into large, irregular masses at the periphery 
of the nucleus. When the eight nuclei are formed this deeply staining 
material collects about them and extends in irregular strands into the 
cytoplasm. Each nucleus is now surrounded by its own cytoplasm, 
though no cell-walls have yet been laid down.” Further, she says: 
“In the five species of pines which I have studied, cell-walls do not 
arise until after eight nuclei have been formed. The deeply staining 
cytoplasmic substance appears to be repelled from all sides of these 
nuclei and is deposited in lines which indicate the position of the future 
cell-walls; the cell-membranes appear to arise by a direct trans- 
formation of this substance.” 


DEVELOPMENT OF WALLS 


The material for the following study of the development of walls 
in the proembryo of Pinus Laricio was collected during the summers 
of 1905 and 1906. It was taken from different trees and localities. 
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Preparations were also loaned to the writer by Miss LuLu Pace, 
and preparations and material by Professor W. E. PRAEGER. 

After the four nuclei have passed to the basal end of the egg, each 
nucleus is surrounded by a thick sheath of fibers, forming a sphere 
with the nucleus in the center; these fibers, according to CHAMBER- 
LAIN, are derived from the nuclear membranes. The fibers next to the 
nuclei disappear first; where the sheaths come in contact, between 
the nuclei, they form a pseudo-wall, giving the appearance, under 
low power, of a vertical wall (fig. r). It was this, no doubt, which 
was scen by the previous observers, STRASBURGER, BLACKMAN, and 
CHAMBERLAIN, and described by them as a vertical wall. 

The cytoplasm surrounding the nuclei at this time is of a uniform 
granular consistency, with small vacuoles. When the first division 
of the four nuclei has reached the metaphase, every vestige of these 
fibers has disappeared (fig. 2). The spindles are blunt and broad, 
showing a tendency towards multipolarity, though considerable 
variation exists in the form of the spindles during this division. A 
marked change has taken place in the surrounding protoplasm, which 
has become charged with very coarse, deeply staining granules. In 
the early telophase these coarse granules still persist, but there is a 
larger clear space, filled with fibers, around each spindle (fig. 3). 

In late telophase (jig. 4) the cell plate, from which the cross wall 
is formed, has been developed. The nuclear membrane has appeared, 
and above each daughter nucleus is a deeply staining. granular area. 
Fibers radiate from the daughter nuclei in all directions and the 
coarse granules seem to be strung along the fibers and pushed away 
by them. The spindle fibers gradually disappear until they are 
visible only on each side of the cell plate, as is shown in fig. 5. The 
granular area surrounding each nucleus in jig. 4 is now replaced by 
an area much more finely granular. 

The formation of the vertical walls is begun at this’stage. They 
begin at the cross walls and extend in both directions until they reach 
the base of the egg on one side, and extend somewhat beyond the 
nuclei on the other (fig. 8). These walls are undoubtedly formed 
upon secondary fibers, which can be seen coming together in fig. 4, and 
more distinctly in jig. 5, although no granules have yet been formed 
to show the position of the cell plate; these are shown distinctly in 
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fig. 9. Figs. 6 and g show the fibers radiating from the nuclei to 
the walls. The vertical walls in each tier are formed by the fibers from 
the nuclei of their respective tiers, as is shown in fig.8. Asa rule the 
cross wall is formed somewhat in advance of the vertical wall (jigs. 
4-9). Fig. 8 shows the cross walls completed, except at the edges, 
while the vertical walls are still in an early stage of development; 
this is also shown in fig. 9. The cross walls are formed in the usual 
way, each on its own spindle, as is shown in fig. 6. These walls, 
therefore, are formed in connection with the first division of the four 
nuclei. It might be said that the proembryo passes from the four- 
nucleate stage to the eight-celled stage were it not for the fact that the 
four nuclei farthest from the base of the egg are still freely exposed to 
the egg mass. 

The very coarse granules gradually disappear, as shown in figs. 
4-9, while the deeply staining areas first seen in fig. 4 increase in 
size until in figs. 8 and g they entirely surround the nuclei and extend 
irregularly into the surrounding cytoplasm. 

The second division in the base of the egg, as a rule, takes place 
in the exposed tier (fig. 70), although it may take place in the basal 
tier, as shown in fig. rz. The cross and vertical walls are formed 
as in the previous division. 

The next and last division occurs in the basal tier (fig. 12), and, 
so far as has been reported, it never takes place in either of the other 
two tiers. This sequence of divisions is also reported by HOFMEISTER 
(1) in Pinus Strobus and by Miyake (6) in Picea excelsa. The last 
division in the proembryo of Pinus Laricio is not always simultaneous 
in the four nuclei, as has heretofore been reported; one section 
showed two nuclei in metaphase and the other two in late telophase. 

The proembryo has now completed its development and consists 
of three completely walled tiers of four cells each, and the tier of four 
nuclei separated from each other by vertical walls but free toward 
the egg mass. 

SUMMARY 

1. The cross walls in the proembryo of Pinus Laricio are formed 
in the usual way, on cell plates formed on the spindles in the division 
of the nuclei, and the first cross walls come in a little in advance of 
the vertical walls. 
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2. The vertical walls in each tier are formed by the secondary 
fibers from the nuclei of their respective tiers. 

3. The first cross walls and the first vertical walls are formed 
in connection with the division of the first four free nuclei at the base 
of the egg. 


4. The second division in the basal end of the egg may take place in 
either tier. 

5. In the last division the four nuclei do not always divide simul- 
taneously. 
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EXPLANATION OF PLATES VIII AND IX 
PLATE VIII 

Fic. 1. Section showing fibers between nuclei that give appearance of verti- 
cal wall. X225. 

Fic. 2. Metaphase of first division, showing entire disappearance of fibers, 
blunt broad spindles, and coarse granular substance. 610. 

Fic. 3. Telophase of same division; fibers radiating in all directions; cell 
plate not yet visible. 355. 

Fic. 4. Appearance of cell plate; nuclear membranes; dark areas above 
daughter nuclei; fibers radiating from nuclei and coarse granules strung along 
fibers; secondary fibers coming together in the center, upon which is formed the 
vertical wall. 390. 

Fic. 5. Later stage in cross walls and beginning of vertical walls. X 365. 

Fic. 6. Later stage in formation of vertical walls; fibers radiating from 
nuclei. X 390. 
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PLATE 1X 

Fic. 7. Section showing the two walls more nearly in the same stage, but 
the cross wall a little in advance of the vertical. > 425. 

Fic. 8. Section showing the vertical walls of each tier formed by the fibers 
from the nuclei of their respective tiers; the cross wall nearly complete. X 350. 

Fic. 9. Same as fig. 8; the broad effect of the vertical wall caused by the section 
being cut a little to one side of the crossing of the two vertical walls. x 350. 

Fic. 10. Second division. 425. 

Fic. 11. Second division. X355. 

Fic. 12. Third division. 393. 
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UNDESCRIBED PLANTS FROM GUATEMALA AND 
OTHER CENTRAL AMERICAN REPUBLICS 
XIX? 


JoHN DONNELL SMITH 


Nissolia costaricensis Donn. Sm.—Foliola 5 glabra magna oblongo- 
vel ovato-elliptica obtuse curvilineo-acuminata basi acuta vel rotun- 
data. Flores in pedunculo axillari brevissimo fasciculati vel rhachi 
evoluta racemosi. Calyx brevissime setaceo-denticulatus. Alae cum 
carina acute acuminatae. Legumen valde curvatum inter semina 
vix constrictum, ala maxima obtusa. 


Suffruticosa, ramulis petiolisque minute setaceo-muriculatis ceterum glabris. 
Petiolus communis 7-11°™ longus, foliolis 5—8°™ longis 25-35™™ latis mucronu- 
latis. Pedunculi nodiformes vel 4™™ longi et racemi pubescentes, his usque ad 
5-8™ longis, floribus 9™™ longis. Calyx pubescens turbinato-campanulatus 
parum obliquus 3™™ longus inter setas vix o.5™™ longas truncatus. Vexillum 
extus pubescens 7™™ longum petalis reliquis paulo brevius. Ovarium pubescens 
plerumque 3-ovulatum, sfylo angulo fere recto divergente. Leguminis stipes 
calyce altero tanto longior, corpus seminiferum canescens 11-22™™ longum 4™™ 
crassum, articulis 1-3 oblongis transverse subteretibus, mesocarpio intricato- 
fibroso, endocarpio araneoso, ala 24-28™™ longa g-11™™ lata cum articulis 
arcuata. 

In planitiis ad Surubres, Prov. Alajuela, Costa Rica, alt. 200™, Jan. 1892, 
P. Biolley (n. 7088).—In fundo La Verbena dicto prope Alajuelita, Prov. San 
José, Costa Rica, alt. 1140™, Dec. 1894, H. Pittier (n. 9664). 


Machaerium (§ RETICULATA Benth.) cobanense Donn. Sm.— 
Stipulis bracteisque aculeatum. Foliola 13-19  elliptico-oblonga 
utrinque rotundata vel nunc apice nunc basi acutiuscula supra pube 
conspersa subtus sordide tomentulosa. Panicula longissima, floribus 
pedicellatis. Calyx braceolis vix bis longior breviter obtuseque tri- 
dentatus. Stamina aequaliter diadelpha. 

In fruticetis reclinans, caulibus usque ad 10™ longis (cl. repertor in literis). 
Petiolus communis 9-15°™ longus, foliolis penninerviis reticulato-venosis mucron- 
ulatis, superioribus 4-5 longis 15-20™™ latis quam infima ovalia 3-plo 
longioribus, terminali maximo obovato-elliptico. Panicula sordide pilosa 
usque ad 34™ longa, ramis saepe 2-3-nis erecto-patentibus, bracteis sicut 

t Continued from Bot. GAZETTE 42:300. 1906. 
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stipulae induratis elongato-triangularibus 3-4™™ longis recurvis subpersis- 
tentibus, pedicellis 2-4™™ longis, bracteolis reniformi-cordatis 3.5™™ alltis 
5™™ Jatis, floribus 12™™ longis violaceis. Calycis pilosi tubus 5™™ longus, 
dentes inferiores oblongi 1.5-2™™ longi, superiores latissimi vix ulli. Vexillum 
extus cano-sericeum suborbiculatum emarginato-bilobum alis paulo carina multo 
longius. Stamina 6™™ longa ob vaginam utrinque fissam in phalanges 2 pen- 
tandras coalita. Ovarium villosum rectum longe stipitatum uniovulatum, disco 
cupuliformi, stylo incurvo. Legumen non suppetit. 

Prope Cobén, Guatemala, alt. 1350™, Aug. 1906, von Tuerckheim (n. II. 1401). 


Machaerium (§ AcuTIFoLIA Benth.) campylocarpum Donn. Sm. 
—Inerme. Foliola 7-9 dissita lanceolata vel ovato-lanceolata acuta 
vel acuminata supra glabra subtus praeter costam glabrescentia. 
Racemi axillares breves arcte floriferi, floribus subsessilibus. Petala 
extus villosa. Stamina monadelpha. Legumen insigniter incur- 
vum. 


Petiolus communis 6-9°™ longus cum petiolulis pubescens, foliolis chartaceis 
concoloribus reticulato-penninerviis et venosis ad nervos venasque parce ad cos- 
tam densius appresso-pilosis, lateralibus superioribus e basi obtusa lanceolatis 
so™™ longis 15™™ latis, inferioribus ovato-lanceolatis acuminatis 35™™ longis, 
terminali basi acuto 65™™ longo. Racemi ferrugineo-pubescentes circiter 25™™ 
longi, bracteis bracteolisque semiorbicularibus 1.5™™ longis, floribus 8™™ longis. 
Calyx appresse ferrugineo-pilosus 3™™ longus vix denticulatus. Omnia petala 
dense longeque ferrugineo-villosa. Vexillum orbiculare 7™™ longum. Carinae 
petala angusta cum staminibus 6™™ longa. Ovarium pubescens uniovulatum. 
Leguminis glabrescentis breviter stipitati 5—6°™ longi corpus monospermum 9™™ 
latum, sutura superior ad semen abrupte inflexa, ala 35-40™™ longa 15-17™™ 
lata obtusa margine superiore arcuata inferiore recta. 


In fundo Jiménez dicto ad Pefias Blancas, Ri6é Diquis, Comarca de Pun- 
tarenas, Costa Rica, alt. 600, Febr. 1898, H. Pittier (n. 12163). 

Drepanocarpus (§ LINEATI Benth.) salvadorensis Donn. Sm.— 
Cano-pubescens vel-furfuraceus stipulis uncinatis aculeatus. Foliola 
9-11 oblongo-obovata vel elliptica apice retusa basi acuta vel obtusa. 
Paniculae axillares binae et terminales, floribus pedicellatis. Petala 


subaequalia. Stamina aequaliter diadelpha cum carina valde incurva. 
Ovarium uniovulatum. 


Stipulae indurato-spinescentes dilatatae 3-5™™ longae. Petioli communes 
4-5 longi, foliolis plerumque 9 primum dense denique leviter pubescentibus 
coriaceis plerumque oblongo-obovatis 20-32™™ longis 11-15™™ latis insigniter 
retusis lineato-nervosis, nervis interdum anastomosantibus, margine nerviformi. 
Paniculae canescentes 6-11°™ longae, ramis singulis vel 2-3-nis, inferioribus 
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15-20™™ longis, pedicellis 2-3™™ longis, bracteolis suborbicularibus 2.5™™- 
diametralibus persistentibus, floribus 12-14™™ longis. | Calyx pubescens 7™™ 
longus, dentibus rotundatis 1™™ longis, 2 superioribus latioribus. Vexillum 
extus pubescens suborbiculare 10-11™™ longum 9™™ latum vix emarginatum 
alis aequilongum. Stamina carinam 9™™ longam quasi cucullatam aequantia, 
vagina ante anthesin utrinque usque ad basin fissa. Ovarium pubescens jam 
drepaniforme. Legumen ignotum. 

Soyapango, Depart. San Salvador, Republ. del Salvador, alt. 750™, Dec. 1906, 
Luis V. Velasco, n. goo8 ex Pl. Guat. &c. quas ed. Donn. Sm. 


Lonchocarpus minimiflorus Donn. Sm.—Foliola 7-11 lanceolato- 
elliptica acuminata basi acuta impunctata utrinque minute appresse- 
que pubescentia. Racemi singuli densiflori, pedicellis per paria pedi- 
cello communi brevi insidentibus, floribus in genere minimis. Vex- 
illum extus sericeum intus basi biappendiculatum. Alae et carina 
glabrae. 


Arbor 8-10-metralis, ramulis lenticellatis. Petiolus communis 4-9°™ longus 
tetragonus pubescens. Petiolulus terminalis ceteris 3-plo longior medio articu- 
latus. Foliola lateralia superiora 3-4°™ longa infimis ovalibus bis fere longiora, 
foliolum terminale obovato-lanceolatum 5-6°™ longum. Racemi tetragoni pubes- 
centes pedunculo circiter 1°™ longo nonnunquam bifido adjecto 6-8°™ longi, 
pedicello communi 1.5™™ longo pedicellis propriis paulo longiore, bracteolis 
calyci approximatis ovalibus 1™™ longis persistentibus, floribus 5™™ longis. 
Calyx appresse aureo-pubescens vix dentatus 2™™ altus. Vexillum orbiculare 
5™™ longum atque latum apice emarginatum dorso incanum. Alae et carina 
inter se aequilongae. Staminum tubus 3.5™™ longus, filamento vexillari omnino 
soluto. Ovarium cano-sericeum 5-6-ovulatum. Legumen non visum.—L. 
parvijloro Benth. et L. atropurpureo Benth. proximus. 

Santa Barbara, Depart. Sololé, Guatemala, alt. 450™, Jan. 1894, Heyde et 
Lux, n. 6330 ex Pl. Guat. &c. quas ed. Donn. Sm. 


Derris (§ EupERRIS Benth.) costaricensis Donn. Sm.—Foliola 
5-7 inter maxima obovato- vel oblongo-elliptica vel ovalia apice 
retusiusculo rotundata basi acuta vel obtusa punctata utrinque prae- 
sertim subtus molliter pubescentia transversim venosa. Pedicelli 
bini. Vexillum appendiculatum. Stamina monadelpha. Legumen 
cartilagineum velutinum lanceolato-ellipticum monospermum. 


Ex ramulis ad apicem versus 6-8™™ crassis verisimiliter arborescens, parti- 
bus novellis luteo-fusco-velutinis. Petiolus communis 9-16 longus velutinus, 
petiolulo terminali 22™™ longo lateralibus 3-plo longiore. Foliola coriacea dis- 
coloria supra glabrescentia subtus aetate provectiore saltem in sicco minute 
foveolata, superiora 11-16°™ longa 6-8°™ lata, infima ovalia 6° longa 45™™ 
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lata, nervis luteo-fuscis, lateralibus utrinque 10-12 subrectis marginem attin- 
gentibus interdum anastomosantibus, venis transversis crebris subparallelis. 
Racemi axillares velutini g-11°™ longi, pedicellis 8™™ longis, floribus 15™™ 
longis. Calyx velutinus 5.5™™ longus breviter setaceo-tridenticulatus. Vexil- 
lum orbiculare extus cano-sericeum basi sicut in Sectione Paraderris bicallosum. 
Alae glabrae. Carina extus sericea. Stamen vexillare ima basi tantum liberum, 
vagina 11™™ longa etiam post anthesin clausa. Ovarium pilosum uniovulatum 
stylo glabro 6™™ longo. Legumen luteo-fusco-velutinum 10-12“ longum 4°™ 
latum vertice obtusum basi acutum, sutura superiore ala 1.5™™ lata marginata, 
semine coccineo reniformi 9™™ longo 18™™ lato.—Nomen vernaculare nempe 
Siete Cueros corticem exfoliantem vult indicare.—Genus adhuc tantum ex America 
Australi et Orbe Vetere cognitum. 

Ad litora sinus Salinas dicti, Comarca de Puntarenas, Costa Rica, Jul. 1890, 
Tonduz (n. 2880).—In collibus silvestribus, Peninsula Nicoya, Costa Rica, Maj. 
1900, Tonduz (n. 13993). 


Derris (§ EupERRIS Benth.) peninsularis Donn. Sm.—Glabra. 
Foliola 5-7 lanceolato-elliptica vel elliptica graciliter acuteque acu- 
minata basi acuta punctulata subtus puberula crebre penninervia. 
Pedicelli bini pedicello communi insidentes. Vexillum appendicu- 
latum. Stamina monadelpha. Ovarium 4-5-ovulatum. Legumen 
cartilagineum obliquum utrinque acuminatum, monospermum ovale, 
dispermum oblongum. 


Ramuli verrucosi. Petiolus communis 8-11°™ longus, petiolulo terminali 
24™™ longo ceteris 4-plo longiore. Foliola chartacea concoloria 6-10°™ longa 
3-4™ lata, nervis lateralibus utrinque 10-12 usque ad marginem simplicibus. 
Racemi axillares glabri 6-10°™ longi floribundi, pedicellis propriis medio bibrac- 
teolatis 2™™ longis pedicellum communem subaequantibus, floribus 11™™ longis. 
Calyx glabrescens 4™™ altus obsolete denticulatus. Vexillum lineis pubescen- 
tibus extus striatum basi bicallosum. Petala reliqua hinc illinc pubescentia. 
Stamina 8™™ longa, vexillari ima basi libero, vagina etiam post anthesin clausa. 
Ovarium pilosum. Legumen glabrum inaequilaterale 35™™ latum, monosper- 
mum 55-65™™ longum, dispermum 85™™ longum, sutura superiore ala 2™™ lata 
marginata, semine fusco reniformi 11™™ longo 21 ™™ lato.—Ab incolis Chaperno 
nuncupatur. 

In silvis et ad vias, Peninsula Nicoya, Costa Rica, Maj. 1900, Tonduz (nn. 
13961, 13966). 

Derris (§ EupERRIS Benth.) nicoyensis Donn. Sm.—Glabra. 
Foliola 5 rhomboideo-elliptica obtuse contracto-acuminata basi acuta 
impunctata subtus appresse cano-puberula penninervia. Pedicelli 
sparsi. Legumen cartilagineum ovale utrinque acuminatum mono- 
spermum. 
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Arbor, coma sphaeroidi (Tonduz in schedula). Petiolus communis glaber 
7-12 longus, petiolulo terminali 24™™ longo lateralibus 4-plo longiore. Foliola 
coriacea supra glabra 55-g0™™ longa 30-50™™ lata subcaudato-acuminata, ner- 
vis lateralibus utrinque 10-11 prope marginem arcuatis, venis grosse reticulatis. 
Racemi axillares, fructiferi solum cogniti 4-7 longi. Legumen glabrum aequi- 
laterale circiter 65™™ longum 33™™ latum, sutura superiore ala 2™™ lata mar- 
ginata, semine fusco reniformi 11™™ longo 18 ™™ lato. 

In collibus silvestribus, Peninsula Nicoya, Costa Rica, Dec. 1899, Tonduz 
(n. 13547). 


Inga (§ PsEupINGA; Ser. Vulpinae Benth.) Tonduzii Donn. Sm. 
—Setuloso-hirsuta. Petioli alati, foliolis 2-—3-jugis ellipticis vel ovato- 
ellipticis acuminatis basi obtusis. Pedunculi singuli vel bini spicae 
rhachin subaequantes. Corolla villosa calycem parce setuligerum 
bis superans. Legumen hirsutum planum marginibus incrassatum 
vix dilatatum. 


Arbor, coma rotunda (Tonduz in schedula), ramulis petiolis pedunculis patenter 
denseque ferrugineo-setulosis. Stipulae deltoideae attenuato-acuminatae 1o-12™™ 
longae 6-7™™ latae coriaceae striatae glandulosae extus hirsutae caducae. 
Petiolus inter foliolorum juga 2-4°™ longus 6-8™™ latus, infra jugum infimum 
15-20™™ longus nudus, glanduiis ellipsoideis, foliolis saepius trijugis coriaceis 
utrinque ad nervos dense inter nervos parcius hirsutis filiforme cuspidatis, supre- 
mis maximis 12-17°™*longis 6-9°™ latis par infimum 3-4-plo excedentibus. 
Pedunculi circiter 2°™ longi, spicis densifloris, bracteolis lineari-lanceolatis 7-10™™ 
longis extus hirsutis subpersistentibus. Calyx in lobos vel dentes acutos dirum- 
pens praeter setulas sparsas glaber. Corolla pallide flavida 27™™ longa usque 
ad quintam partem superiorem acute lobata. Stamina rosea corollam bis super- 
antia, tubo incluso. Ovarium glabrum. Legumen 17° longum 38™™ latum 
marginibus 4™™ crassum.—I. insignem Kunth et J. Pittiert Micheli revocans 
ab utraque tamen legumine sectionis distinctissima. 

Las Vueltas, Tucurrique, Costa Rica, alt. 635™, Dec. 1898, Adolfo Tonduz 
(n. 12928). 


Faramea (§ HypocHAsMA Muell. Arg.) suerrensis Donn. Sm.— 
(F. trinervia K.Schum. et Donn. Sm., var. swerrensis Donn. Sm.)— 
Folia obovato-vel oblongo-elliptica vel lanceolata in caudam gracilem 
acuminata basi acuta trinervia. Cyma foliaceo-bibracteata. Pedi- 
celli floribus breviores. Calycis tubus turbinatus, limbus mucronulis 
denticulatus disco brevior. Alabastrum loborum corollae subglobo- 
sum. Filamenta longiuscula. Fructus transversim ellipsoideus. 


Frutex 3-4™ altus ramosus. Folia crasso-pergamenea diaphana nitida con- 
coloria 16-22 longa 4-7 lata in caudam 14-20™™ longam desinentia, costa 
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utrinque prominente, nervo conspicuo a basi utrinque prodeunte apicem attin- 
gente a margine 5~8™™ distante, nervis lateralibus primariis angulo fere recto 
a costa divergentibus utrinque 14-16, petiolis 8-12™™ longis, stipulis persisten- 
tibus vaginantibus 7-9™™ longis muticis. Pedunculus 4-5°™ longus apice brac- 
teis lanceolatis 4°™ longis caducis instructus, cyma foliis breviore densiflora repe- 
titus trichotoma, pedicellis 4-6™™ longis. Calycis tubus 1™™ longus limbo intus 
glanduloso bis longior, denticulis minutis. Corolla intense cyanea 9™™ longa 
tertia parte lobata ore constricta. Stamina corollae ad basin versus inserta, 
flamentis 1.5™™ longis, antheris inclusis. Discus cylindricus 1™™ longus. 
Fructus cyaneus transversim 15™™ longus 11™™ crassus, semine conformi subtus 
usque ad medium transversim bipartito. 

In silvis profundis udisque ad fundum Swerre dictum, Llanuras de Santa 
Clara, Costa Rica, alt. 300, Febr. 1896, J. Donnell Smith, n. 6589 ex PI. 
Guat. &c. quas ed. Donn. Sm.—In silvis prope confluentiam fluminum Puerto 
Viejo et Sarapiqui, Llanuras de Tortugero, Costa Rica, alt. 120™, Febr. 1893, 
P. Biolley (n. 7394). 


Faramea (§ HypocHASMA Muell. Arg.) eurycarpa Donn. Sm.— 
Folia obovato-vel elliptico-oblonga caudato-acuminata basi acuta 
subtus flavo-virentia, nervis lateralibus validioribus remotis prope 
marginem arcuatim connexis. Cyma folia subaequans laxiflora, 
pedicellis gracillimis. Calycis lobi inaequales apice recurvati. Fruc- 
tus transversim oblongo-ellipsoideus. 


Arbuscula, ramulis flavo-virentibus. Folia tenuiter chartacea diaphana dis- 
coloria 11-15°™ longa 4-5°™ lata in caudam 10-12™™ longam contracta, nervis 
lateralibus patentissimis utrinque 8-10, petiolis 4-5™™ longis, stipulis cito caducis 
ignotis. Pedunculus 4-6°™ longus, bracteis ovalibus 4™™ longis aristulatis, cyma 
subcorymbiformi quater quinquiesve trichotoma, pedicellis 1o-13™™ longis. 
Calycis tubus campanularis 2™™ longus limbum atque discum aequans, lobi 
oblongo-ovati accrescentes, duo oppositi 3-6™™ longi ceteris 2-3-plo majores. 
Corolla cyanea 10-11™™ longa, loborum alabastro ovoideo 3.5™™ longo. Stamina 
medio tubo corollae inserta, antheris subsessilibus 5™™ longis inclusis. Discus 
truncato-conicus. Fructus transversim 12™™ longus 6™™ crassus, semine coeru- 
leo basi transversim et profunde bipartito. 

In silvis prope Las Vueltas, Tucurrique, Costa Rica, alt. 650-7oo™, Dec. 
1898, A. Tonduz (n. 12880). 


Themistoclesia pterocarpa Donn. Sm.—Folia obovata apice rotun- 
data basi attenuata obscure quintuplinervia. Flores solitarii. Calyx 
campanulatus pentapterus corolla 5-plo fere superatus. Antherae 


rimis linearibus dehiscentes, filamentis glabris. Fructus globosus 
alatus. 
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Fruticulus epiphyticus ramosus dense foliosus, ramulis novellis et petiolis 
pubescentibus. Folia plerumque 2° longa 1°™ lata coriacea praeter costam 
supra puberulam glabra, margine integro revoluto, nervis venisque praesertim 
subtus subimmersis, petiolis canaliculatis 1™™ longis. Pedunculi singuli tetragoni 
basi squamosi 6-7™™ longi et flores glabri. Calyx 4™™ longi, tubo quam limbus 
bis longiore. Corolla tubulosa 18-19™™ longa teres, lobis oblongo-ovatis 3.5™™ 
longis intus pubescentibus. Stamina tubum corollinum aequantia, filamentis 
aequalibus complanatis 4™™ longis, loculis granulatis 3.5™™ longis antice brevis- 
sime calcaratis, tubulis 1o™™ longis tertia parte rimosis. Stylus corollam paulo 
superans. Fructus 6™™-diametralis—Calycis tubus Anthopterum  simulat. 
Inflorescentia atque corolla necnon calycis limbus cum Themistoclesia melius 
congruunt. 


In summo monte Carizia dicto, Costa Rica, alt. 2000™, Sept. 1900, H. Pit- 
tier (n. 14031). 

Centropogon (§ SIPHOCAMPYLOIDES Benth. et Hook.) porphy- 
rodontus Donn. Sm.—Folia subcoriacea nitida lanceolato-ovata sen- 
sim tenuiterque elongata basi vix ac ne vix cordata calloso-denticulata. 
Pedunculi axillares. Calycis tubus poculiformis supra ovarium pro- 
ductus basi intrusus segmenta linearia aequans. Corolla anguste 
tubulosa recta. Staminum tubus glaber. 

Suffrutex. Folia 7-13°™ longa 35-70™™ lata acutissima basi truncata vel 
retusa subtus pallidior&, denticulis salientibus o.5™™ longis et margine revoluto 
purpureis, nervis subtus et petiolo 15-20™™ longo roseolis subtiliter puberulis. 
Pedunculi 6-9°™ longi sub flore deflexo torti. Calyx nitidus 14™™ longus, tubo 
bis longiore quam latiore, segmentis liberis integris acutis. Corolla glabra in 
sicco rosea 42-45™™ longa usque ad quintam partem lobata. Antherae dorso 


parce pilosae, minores vertice penicellatae. Bacca globoso-ovalis, 9™™ longa 
7™m lata. 


Valle de Los Arcangeles, Prov. San José, Costa Rica, alt. trg00™, Dec. 1898, 
H. Pittier, n. 7349 ex Pl. Guat. &c. quas ed. Donn. Sm.(n. 12307 herb. nat. 
Cost.).—Sub Siphocampylo Costaricae Vatke olim distributus. 


Centropogon (§ SIPHOCAMPYLOIDES Benth. et Hook.) nemato- 
sepalus Donn. Sm.—Undique paleaceo-pubescens. Folia mem- 
branacea supra sparsim subtus densius pubescentia lanceolato-ovata 
sensim elongata basi cordata setulis excurrentibus denticulata. Pedun- 
culi axillares. Calycis tubus obconicus segmentis filiformibus denti- 
culatis bis superatus. Corolla incurva sursum sensim paulo ampliata. 
Staminum tubus cum antheris hirsutus. 


Suffrutex scandens, partibus novellis canescentibus. Folia subtus pallida 
75-100™™ longa 35-45™™ lata, denticulis minutis inaequalibus ciliolatis, nervis 
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venisque subtus patenter pubescentibus, petiolis 35-45™™ longis. Pedunculi 
foliis breviores, floribus pubescentibus 46-50™™ longis. Calycis segmenta tenuis- 
sima 9™™ longa denticulis subulatis utrinque 3-4 munita. Corolla siccitate pur- 
purea leviter incurva 42-45™™ longa, lobis 11™™ longis. Antherae exsertae, 
minores vertice penicellatae. Bacca ignota.—Speciei praecedenti foliorum cir- 
cumscriptione similis eorum indumento et margine necnon florum indole satis 
differt. 

Cuesta de los Borucas, Comarca de Puntarenas, Costa Rica, alt. 2300™, 
Jan. 1897, H. Pittier (n. 10533). 


CENTROPOGON NEMATOSEPALUS Donn. Sm., var. palmanus Donn. 
Sm.—Folia acuminato-ovata basi leviter cordata. Pedunculi foliis 
longiores usque ad 6-8°™ longi. Calycis segmenta integra tubum 
aequantia. Antherae dorso sicut staminum tubus glabrae. Bacca 
glabra globoso-ovalis. 

La Palma, Prov. San José, Costa Rica, alt. 1500™, Jul. 1888, H. Pittier 
(n. 271). 

Ardisia (§ PICKERINGIA Mez.) meiantha Donn. Sm.—Folia parva 
lanceolato-elliptica utrinque acuta integra coriacea utrinsecus punc- 
tulata et eminenter minuteque reticulata. Flores bipinnatim panic- 
ulati in genere minimi 5-6-meri. Corollae lobi patentes staminibus 
breviores. Filamenta antheris quincuplex longiora. 

Folia 4o-7o™™ longa 15-25™™ lata a medio utrinque fere consimiliter angus- 
tata subtus pallidiora, petiolis canaliculatis 5-7™™ longis. Panicula terminalis 
breviter pedunculata densiflora minutissime furfuracea 35-5o™™ alta, ramis 
primariis racemose florigeris, infimis 10-15™™ longis, bracteis oblongo-ovatis 
7™™ longis, pedicellis 2-3™™ longis in calycem basi incrassatum ampliatis, 
bracteolis ovatis 2™™ longis sicut bracteae rubro-punctatis et caducis. Flores 
plerumque 6-meri genitalibus porrectis computatis vix 3.5™™ longi. Sepala 
concava ovalia 1™™ longa marginibus minutissime ciliolata. Corolla 2™™ longa 
usque ad duas partes fere lobata, lobis imbricatis breviter oblongis obtusis uti 
sepala punctis et lineis rubro-notatis. Filamenta libera 2.5™™ longa, antheris 
acuminato-cordatis o.5™™ longis medio affixis birimosis. Ovarium cum stami- 


nibus immaculatum ovoideum stylo subulato adjecto 3™™ longum 6-8-ovulatum. 
Fructus ignotus. 


Prope Cartago, Costa Rica, alt. 1500™, Apr. 1906, William R. Maxon (n. 44). 
—Typus in herb. Horti Botanici Noveboracensis servatur. 

Rauwolfia stenophylla Donn. Sm.—Verticilli approximati tetra- 
phylli. Folia lineari-lanceolata acuta in petiolum attenuata in quo- 
que verticillo valde inaequalia crebre penninervia opaca. Cyma 
pseudoterminalis corymbiformis foliis bis terve superata dichotoma 
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floribunda. Corollae tubus calyce 3-plo longior lobos proprios 
aequans infra medium staminiferus. 


Glabra. Internodia ad apicem versus ramulorum 8-20™™ longa. Folia 
chartacea g-17°™ longa 12-25™™ lata, cujusque verticilli folium maximum 
minimo bis longius, nervis lateralibus utrinque 30-35 prope marginem arcuatis, 
venis subobsoletis, petiolis canaliculatis 7-18™™ longis. Pedunculi alterni foliis 
nascentibus suboppositi, inferiores 25™™ longi, ramis cymulisque dichotomis, 
pedicellis 2-6™™ longis, bracteolis ovatis vix o.5™™ longis. Calyx 1.5™™ longus, 
lobis ovatis obtusis. Corolla g—10™™ longa extus puberula ore cano-pilosa intus 
pubescens. Ovaria sejuncta disco cupuliformi cincta circiter 4-ovulata. Fructus 
deest.—R. longifoliae A. DC. ex characteribus proxima. 

Republica del Salvador, loco natali haud accuratius indicato, ann. 1905, 
Carlos Rénson (n. 289). Typum in herb. Musei Nationalis vidi. 


Gonolobus (§ MoNnostEmMMA K. Schum.) Tuerckheimii Donn. Sm. 
—Fusco-pilosus. Folia ovato-lanceolata coriacea discoloria costa 
cum petiolo villosa margine pilosa ceterum glabrescentia. Corymbi- 
pedunculati simplices petiolo longiores. Corolla rotata reflexa mar- 
morata, lobis orbicularibus. Corona ex lobulis 5 reflexis constans 
tubo stamineo elongato 3-plo superata. Stigma obtuse angulatum. 


Frutex volubilis, caulibus retrorsum pilosis. Folia subtus saltem siccitate 
flavicantia, juniora subtus fusco-reticulata, provectiora 50-62™™ longa 22-26™™ 
lata apice acuta basi rotunda, nervis venisque subimmersis, petiolo 14-17™™ 
longo. Corymbi pilosi pedunculo 5™™ longo computato 20-26™™ longi 5-9-flori, 
pedicellis 8-15™™ longis, floribus 15-16™™-diametralibus. Calyx extus patenter 
pilosus intus 5-glandulosus, segmentis ovato-lanceolatis acutis 6™™ longis. 
Corolla aurantiacea badio-reticulata extus puberula intus nuda, tubo 3™™ longo, 
lobis 6™™ longis. Coronae simplicis lobuli semiorbiculares. Tubus stamineus 
columnaris 1.5™™ longus.  Pollinia clavata subpendula. Ovaria glabra, 
stigmate angulis haud producto 2.5™™ lato, centro depresso. Follicula non vidi. 
—Secundum characterum subordinationem Schumannianam prope G. rhamni- 
jolium Griseb. locandus. 

Coban, Depart. Alta Verapaz, Guatemala, alt. 1320™, Jul. 1906, A. von 
Tuerckheim (n. II. 1301). 


SANCHEZIA SpRUCEI Lindau, var. salvadorensis Donn. Sm.— 
Arbuscula (cl. Velasco in scheda), ramulis obtuse tetragonis et foliis 
glabris. Cujusque paris folium alterum altero bis majus. Spicae in, 
paniculam 14-16°™ longam dispositae internodiis nudis interruptae. 
Calycis segmenta cum bracteis bracteolisque glabra, 3 linearia, reliqua 
latiora deorsum angustata. Corolla usque ad 56™™ longa, lobis 5™™ 
longis atque latis. Antherae 6™™ longae. Stylus stigmate 5™™ 
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longo computato 65™™ longus.—Cum diagnosi exempli typici peru- 
viani ceterum satis bene quadrant exempla salvadorensia. 

In hortis ad oppidum San Salvador, Republ. del Salvador, alt. 700™, Dec. 
1906, Luis V. Velasco, n. 8985 ex Pl. Guat. &c. quas ed. Donn. Sm. 

SAHAGUNIA UROPHYLLA Donn. Sm. in Bot. GAz. 40:11. 1905.— 
Descriptioni adde charactera emendata e specimine infra citato 
sumpta:—Folia tactu asperula. Capitula feminina solitaria et brevi- 
ter pedunculata vel 2-4 in racemum 3-9°™ longum dissita subsessilia, 
perianthiis fructiferis 2-8 primum in massam carnosam velutinam 
concretis denique solutis. 


Specimen n. 112 enumeratum a Cérlos Rénson in Republica El Salvador ann. 
1905 lectum in herb. Musei Nationalis vidi. 
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MICROCYCAS CALOCOMA 


CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 
XCVII 


Otis W. CALDWELL 
(WITH PLATES X-XIII AND FOURTEEN FIGURES) 


In a recent number of the BoTANIcAL GAZETTE (1) there appeared 
a brief taxonomic account of this plant. It was described originally 
by Mique, from fragmentary material, as Zamia calocoma (2), 
although on account of its resemblance to a small Cycas revoluta 
he made for it the section Microcycas under Zamia. Later DECAN- 
DOLLE (3) added to MIQuEL’s description and raised the section to 
generic rank. The previous paper (1) added to the knowledge of 
the taxonomic features of the species; while the present paper deals 
with the field studies and the morphology. 


FIELD OBSERVATIONS 


The region in which this study was made is in the Sierras of western 
Cuba, beginning with the mountains northwest of San Diego de los 
Bafios, running through the Santa Catalina region, and ending to the 
westward with the mountain known locally as Cuchillo de Pinar, near 
San Andrace. Within this area Microcycas was found in four places, 
in three of which the plants were few and distinctly local. In the 
other (Cuchillo de Pinar) the plants were found one, two, or a half- 
dozen together at infrequent intervals for a distance of one and a half 
to two miles along the mountain. It is highly probable that sufficient 
search would result in the discovery of other groups in other moun- 
tains. The native Cuban mountaineers, to some of whom the plant 
is known as ‘“‘palma corcho,” reported that they had heard of the 
plant elsewhere, though they said it is extremely rare. The folk-lore 
of the region says that the roots of the “palma corcho” are good for 
use as rat poison, hence the desirability of a knowledge of its location, 
and the probability that there would be knowledge of any large groups 
of individuals should they exist. 
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The specimens observed were not confined to any particular 
exposure; the one shown in fig. 3 is facing south; those in figs. 1, 2, 
and 4 are facing north; while those in jigs. 5 and 6 face west. In 
so far as could be determined, the plants are closely limited in elevation, 
the level showing them to be at essentially the same elevation though 


Fic. 1.—A plant 2™ in circumference at 1™ above ground; no other plants in 
this vicinity. 


they vary greatly in their distances from the tops of the mountains 
upon which they grow. They were found growing on limestone, in 
places almost devoid of soil (fig. 2), in rocky soil (fig. 3), and in clay 
(figs. 1, 4-6, 9). 

The roots show considerable ability to adjust themselves. In 
clay they sink deep into the soil, the stem and root system, in the case 
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of younger plants, suggesting the geophilous habit of some of the 
Zamias. The plant shown in jig. 9 was imbedded to within 3.75°™ 
of the top of the stem. This plant is 9.5°™ in diameter and is doubt- 
less a good many years old, though relatively young. The geophilous 
habit is relatively temporary. As the plant becomes older its stem 
elongates, and at one period in this advance (fig. 7) the whole plant 
bears a marked resemblance to Cycas revoluta. The continued 
elongation of the stem results, at least in the case of those specimens 
that grow surrounded by taller plants of other species, in producing 
stems several meters in height (figs. 2, 3, 4, 6), the specimen at the 
right in fig. 4 (showing neither base nor crown) being 9.5™ in length. 
The plants shown in figs. z and 3 are doubtless the oldest plants 
observed. Both of these grow in the open and it seems not unlikely 
that they were once much taller than now, that they were injured by 
winds or otherwise, and that the branches now bearing leaves origi- 
nated from dormant buds relatively late in the history of these individ- 
ual plants. Evidence favoring such an interpretation is found in 
the facts that the terminal bud region of both these plants, and all 
similar ones observed, is injured and partially decayed; that the 
central starchy pifh region of Microcycas is extremely brittle and 
would be easily broken if exposed to very heavy winds; and that 
many cases were observed of new branches arising from the surface 
of the plant body. One case was observed in which the young 
branch formed roots which penetrated the main body of the parent 
plant. Specimens of younger plants were found in the open, in 
which there was a single terminal crown of leaves, but none nearly 
so old as those shown in figs. rand 3. It may be that, if undisturbed, 
these would develop stems as old and thick and not attain greater 
height; but this does not seem probable. 

The stem may be straight and unbranched (figs. 2, 8), or it may 
branch in a number of ways. In jig. 4 is shown a group of four plants 
which arise from the stump of an older one. The decayed remains 
of the old stump, though not evident in the photograph, were observed, 
and showed clearly that the branches arose from the old stump below 
the surface of the ground. Other illustrations of branching are shown 
in jigs. 1, 3, 4, 6. 

Upon the surface of the stem of all younger plants, as well as upon 


Fic. 2.—A type growing in densely shaded regions; this specimen is growing on 
the northern slope of a steep rocky mountain. 
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older ones of the shaded forms, may be seen rings of the cortex and 
bark which indicate the position of former terminal buds (jigs. 2, 4, 
5, 6, 8). Just what these may signify relative to age has not been 
determined. It may be that they are formed only by the foliage 
buds, or only from scale buds, or even possibly from reproductive 
buds, or all of these put together. It is not known how often a new 
crown of scales, or of foliage leaves, or of reproductive structures is 
formed in Microcycas. These rings may persist until the plant is 
quite old (fig. 4), or may disappear entirely and give place to a bark- 
formation quite resembling that of the trunk of some pines (fig. 3). 
In nearly all older plants at the base of the stem will be seen such 
bark-formation as shown in the figure just cited, while at some point 
above the characteristic rings appear. Were these characteristics 
not found upon the same stem, one could readily believe that the 
stems shown in jigs. 2 and 3 do not belong to the same species. 

The details of anatomy of the stem have not been investigated. 
From a gross examination it is evident, however, that Microcycas has a 
single vascular cylinder surrounded by a thick cortex and enclosing a 
large pith region (fig. 10), asin Zamia, Dioon, and Stangeria. The pith 
is extremely brittle, arid its cells are densely filled with very large starch 
grains. 

The leaves, which often exceed a meter in length, vary greatly 
in the number in each crown (figs. 1-8). The length of life of a leaf 
could not be determined, and although no leaves upon old plants were 
found opening from the bud, the vernation in seedlings is circinate. 


OVULATE CONES AND MEGASPORANGIA 


A single ovulate cone (fig. 8) was found on a number of plants. 
It appears upon first observation to be a terminal structure, but closer 
investigation indicates that it is lateral, though younger material must 
be studied to determine definitely this point. The base of the cone 
is enclosed by heavy, hairy scales (figs. 11, 12) which usually have 
their upper ends pressed closely between the outer portions of the 
basal sporophylls. The cone shown in jig. 8 was 94°™ from the 
center of its base to the center of its tip, and weighed 9.5**, being the 
largest cycad cone yet reported. This one, however, appears to be 
slightly larger than the average ovulate cone of Microcycas. 


: 


Fic. 3.—An old plant with numerous branches; rings about the stem have dis- 
appeared, and ridged bark is present. 
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In cones of the ages shown in the figures the sporophylls are 
closely pressed together, and are covered over the exposed portion by 
a dense mass of closely appressed grayish hairs. At the time of seed 
distribution the sporophylls separate, the entire cone bends on its 
stem, and is pendent from the apex of the plant. The individual 
sporophylls bear some resemblance to those of Zamia, but are specifi- 
cally distinct. The outer portion is drawn out into an obtuse point, 
upon which are two ridges. 

Most of the cones are quite symmetrical and are remarkably well 
rounded both at base and tip, thus suggesting complete pollination 
and development of sporangia (figs. 8, 11, 12). In some cases this 
is not true, and irregularities suggesting imperfect pollination are 
conspicuous. To the left in fig. zz such a cone is shown. 

Each sporophyll bears two sporangia of a peculiar salmon-pink 
color. These sporangia in the mature cones are closely crowded 
together (fig. 12), thus producing the corklike form of the seed from 
which is derived the Cuban name “palma corcho.” The integument 
of the ovule is differentiated into an outer fleshy layer; a thin, hard, 
brown layer; and an inner fleshy layer which becomes thin and 
papery. Vascular“bundles pass up the stalk of the megasporophyll, 
anastomose in the upper portion, and give off five to eight branches 
which pass into each ovule. Just after entering the base of the ovule 
each vascular bundle forms two branches, one of which traverses 
unbranched the outer fleshy layer; the other enters the hard coat and 
divides into a large number of anastomosing branches (fig. 16). 


STAMINATE CONE AND MICROSPORANGIA 


Although the staminate cones had formed and shed their pollen 
some months before they were obtained, one entire cone and frag- 
ments of several others were found. It is likely that the entire cone 
shown in fig. 13 was delayed in development and did not mature its 
pollen normally, since all the other staminate cones are pendent and 
had their stamens separated by elongation of the cone axis. From 
the material collected it would seem that the staminate cone is 25-30°™ 
long and 5-8°™ thick. Its position on the tip of the stem indicates 
that it is lateral in origin. . 


The microsporophyll has its outer portion expanded, and spo- 


Fic. 4.—Three plants; large one at right (9.5™ high) showing neither crown nor sg 
in the middle a small plant showing terminal bud and two or three old leaf stalks; ne t 
a branching plant, the height of which is suggested by the two men, one of whom is standing 
at the base of the tree. 
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rangia entirely cover the basal two-thirds of the abaxial surface (jig. 
14). They are not arranged in sori and cover the basal and apical 
sporophylls as completely as they do those in the middle of the cone. 
The sporangium dehisces by a long slit which extends almost to its 
base. The microspores are spherical, with a moderately heavy exine 
and a quite prominent intine. 


MALE GAMETOPHYTE AND SPERMS 


None of the pollen collected could be made to germinate, possibly 
due to its age and to the fact that a fungus was growing in the material 
when collected. 

In the earliest stages shown by the material, the male gametophyte 
is already well developed (fig. 15). After the microspore reaches the 
pollen chamber, the pollen tube grows upward and outward into the 
nucellus. The relation of this growth in time to the development of 
the structures within the tube could not be determined. In pollen 
tubes at this stage there are usually a tube nucleus, a prothallial cell, 
a stalk cell, and eight body cells (figs. 17, 18). The tube nucleus is 
usually near the tip of the tube (figs. 18, 19), but sometimes behind 
some of the body célls (fig. 15). Most of the body cells remain near 
the base of the pollen tube, though some are usually near its tip. 
While the number of body cells is most frequently eight, it varies to 
nine (fig. 20), teh (fig. 19), and possibly more. Several illustrations 
of such variation were found. 

The prothallial cell extends into the stalk cell (figs. 17-20), as 
described by WEBBER (6) in Zamia. At the base of the prothallial 
cell there may be seen sometimes a darkly staining mass which may — 
possibly be the remnant of a first prothallial cell (figs. 19, 20). 

In the youngest body cell observed the two blepharoplasts are well 
organized, each with numerous radiating lines of cytoplasm which 
extend well down toward the equator of the cell (fig. 21). The 
nucleus is sometimes irregular in form, as if its membrane in places 
were being pushed inward by the cytoplasmic radiations. When the 
nucleus varies from the spherical form, it is more or less flattened at 
right angles to the lines of radiating cytoplasm (figs. 17-20, 21, 47). 
At this stage the blepharoplasts are usually opposite each other, 
and the entire cell presents a beautiful symmetrically arranged spheri- 
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cal figure. A few cases were observed in which the blepharoplasts 
were near each other (figs. 22, 23), and one case in which they were 
in contact (fig. 24); a careful search failed to show other blepharo- 
plasts. WEBBER figures similar cases, except he found none in which 
the blepharoplasts were so close together as in figs. 23 and 24. 


Fic. 5.—Four plants which have grown from stump of an old plant; an exposed 
grassy hillside. 


The division of the body cell (fig. 25) results in the formation of 
two sperm mother cells, which become separated by a definite wall 
(fig. 27). While this division is occurring, the blepharoplasts begin 
to form a distinct band (fig. 25); later this band may become broken 
up into fragments or small granules, upon which the beginnings of 
the cilia may be seen (fig. 27). The mother cell does not become 
spherical, but is flattened on the side adjoining its mate, and when 
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somewhat older than the stage shown in fig. 27 is distinctly beaked at 
the end, where most of the blepharoplast granules lie. This nuclear 


Fic. 6.—A tall branching plant growing in the open and having much the same 
form as those found in densely shaded areas. 


beak is described for Cycas by IKENo (7), but according to WEBBER’S 
figures it does not occur in Zamia. The sperm cells nearly always 
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become entirely free from one another before the ciliated band is 
formed. In Zamia WEBBER points out that the ciliated band is 
formed before the mother cells become separate, and describes one 
case in which he observed two sperms swimming while yet attached 
to each other. 

In this manner sixteen sperms are formed in each pollen tube 
(figs. 28, 29). In those pollen tubes in which nine or ten (or possibly 


Fic. 7—A young plant of the type usually found in exposed regions. The crown 
of such plants suggests that of Cycas revoluta. 


more) body cells are formed, it is probable that a larger number of 
sperms is formed, but no case was observed in which there were 
more than sixteen sperms. 

When the body cells begin to divide to form the mother cells, the 
tube grows toward the female gametophyte (jig. 26). In one case 
the entire mass of sperms was formed within the thicker portion of the 
intine, at the point where the pollen tube began to develop from the 
microspore (fig. 29). Whether in this particular case there had been 
an upward growth of the pollen tube could not be determined. Usu 
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ally the downward growing branch of the tube in which the mass 
of sperms is found is thin-walled, as are the ascending and lateral 
branches (fig. 28). By dissecting pollen tubes from a cone that had 


Fic. 8.—An ovulate cone growing upon a plant which stands in a ravine. 


been kept in the laboratory for two months, motile sperms were 
observed; the general form is shown in fig. 30. So far as could be 
determined, their behavior was similar to that of the sperm described 
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for Cycas by IkENo, for Ginkgo by Hrrasé (8), for Zamia by WEBBER, 
and for Stangeria by LANG (9). The cone had lost its vigor, however, 
and no cases of fertilization were secured. 

The full significance of this remarkable number of sperms in each 
male gametophyte cannot be known without an investigation of the 
origin of the body cells. No other seed-plant has been found to have 
more than two male cells in each male gametophyte. The fact that 


Fic. 9.—A relatively young plant removed from the earth. 


there are in Microcycas sixteen mother cells, each organizing a sperm, 
is especially suggestive when it is recalled that a common number of 
sperms in each antheridium of the leptosporangiate ferns is thirty- 
two. Another division of the body cells of Microcycas would result 
in this fern condition. It will be of great interest to know whether 


any of the four cycad genera as yet uninvestigated possess this remark- 
able character. 
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FEMALE GAMETOPHYTE AND ARCHEGONIA 


None of the material was sufficiently young to show stages in the 
development of the female gametophyte. The structure of the adult 
gametophyte, however, shows that tissue-formation proceeded in the 
usual centripetal manner. Usually the radial arrangement of the 
cells is quite evident (fig. 48), and in nearly all cases there is a median 


Fic. 10.—Cross-section of stem. 


line formed by the abutting tissues (fig. 50); in some cases this median 
cleft extends to the micropylar end of the gametophyte. On the sur- 
face of the gametophyte the tissue often produces lobes, between 
which there may be conspicuous seams of more or less completely 
united tissues running well into the interior of the gametophyte (fig. 
50). It seems probable that these lobes continue to grow outward 
after the main body of the gametophyte is well formed. The cells of 
the gametophyte are well filled with starch. The entire structure 
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Fic. 11.—Two ovulate cones. 


is 2.5-3.5°™ long and 1.75-2°™ broad. The nucellus forms an 
extremely thin layer closely adhering to the surface of the gameto- 
phyte. 
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Fic. 12.—An ovulate cone; some of the 
sporophylls have been removed, showing the 
central axis and the attachment of the ovules. 
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Archegonia may be formed 
at the micropylar end of the 
gametophyte, or on the lobes 
produced on the sides or 
lower end, or on the unlobed 
surface, or in rare cases within 
the tissues in such position as 
to open to the median cleft 
(figs. 32, 48, 49, 50). They 
are more abundant at the 
micropylar end than else- 
where, and in many cases 
they are formed in no other 
region (fig. 48). The number 
of archegonia is large; one 
cross-section made a little 
back of the end of the game- 
tophyte showed 169 distinct 
archegonia. Doubtless in 
many cases the number 
exceeds 200 in the entire 
gametophyte and may even 
be double that number (fig. 
49). There is apparently 
little difference in the age of 
archegonia at the micropylar 
end and on the lateral lobes. 

The age of the material 
did not permit a study of the 


_ development of the arche- 


gonium. Two neck cells are 
formed, but these do not pro- 
trude as noted in Zamia by 
CouLTER and CHAMBERLAIN 
(10), and in Dioon by 
CHAMBERLAIN (4); they may 
extend slightly beyond the 
surface of the gametophyte 
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(fig. 33), but usually they are even with the surface, as shown 
in the case of the single neck cell in fig. 34. In some cases at least, 
the neck cells break down, leaving the central cell exposed at the 
surface of the gametophyte (figs. 35, 36). The contents of the 
archegonia showed considerable variation. In such archegonia as 
are shown in figs. 33 and 34, there is the usual condition in which the 
ventral canal cell has not yet been cut off; in numerous other cases, 
however, two or three nuclei were found (figs. 36, 37, 39). COKER 
(11) found that in Taxodium the free ventral canal nucleus after 
fertilization divides amitotically; and in Podocarpus he observed 
(12) the same phenomenon. It is possible that 
some of the nuclei found in the archegonium of 
Microcycas may have arisen in this way, but failure 
to find any ventral canal nuclei in the usual position, 
though many central cells were examined, indicates 
that the material was not old enough to have formed 
ventral canal cells. That some of the central cells 
were almost ready to divide, hower, is shown by 
the condition of the nuclei in figs. 34 and 35. It 
is probable that archegonia may unite by the 
absorption of their dividing walls, for they often 
crowd upon one another very closely, as in fig. 38, in 
which absorbtion of the separating walls would 
result in just such a condition as is shown in figs. 36, _ F%6-13-—An old 
staminate cone. 

37, and 39. Comparison with other cycads would 

also suggest that the archegonium has not reached the stage for 
cutting off the ventral canal nucleus. It seems altogether probable 
that a ventral canal nucleus is cut off subsequently, and that the 
two or more free nuclei observed are the result of the union of two 
or more archegonia. 

The development of jacket cells, as described by GoROSCHANKIN 
(13), TREUB (14), IkENO (7), SMITH (15), Stopes and Fuym (16), 
is much less regular in Microcycas than in the other cycads studied. 
This is probably due to the crowding together of archegonia and the 
consequent absorption of intervening tissue. 

The very large number of archegonia and their peculiar distribu- 
tion are suggestive of primitive conditions, and this is emphasized 
by association with the large number of sperms. 
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EMBRYO 


From the material collected during January and February no 
cases of fertilization or young embryos were found. A second collec- 
tion of cones forwarded late in February failed to arrive. In a third 
collection, which was shipped from Cuba early in April, the ovules 
were found to contain embryos in which the suspensors were well 
developed. The suspensors are long and more or less spirally coiled 
(figs. 40, 41), the one shown in fig. 41 being 8°™ long. A dozen or 
more embryos may be found ina single gametophyte. The pressure 
of the spiral suspensor is such as frequently to lift the nucellar cap 
when the hard seed coat is removed. Such a pressure on the embryo 


Fic 14 —Staminate sporophylls; the two at the left show the adaxial surface, the 
two at the right the abaxial surface, the middle one a lateral view. 


would hold it firmly against the endosperm. Frequently suspensors 
pass upward through the archegonia and over the gametophyte under 
the nucellar cap (fig. 41). No embryos were found in any archegonia 
except those at the micropylar end of the gametophyte. 

While material was being collected in January and February, 
seeds were found on the ground at the bases of plants that had ripened 
ovulate cones the preceding year, and some of them had germinated. 
The fleshy seed coat was gone, and in many cases there were scars 
upon the hard seed coat, evidently made by the teeth of animals; in 
some cases the empty seed coat appeared to have been opened by 
animals. 

Within the mature seed a single large straight embryo extends 
along the median axis. One-half is made up of the cotyledons, those 
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in the seeds examined varying from three to six in number; usually 
they are straight, but occasionally they are spirally twisted (fig. 42). 
The seeds and seedlings secured were planted in the greenhouse and 
are just now beginning to grow. After the root tip emerges and enters 
the earth (fig. 43), the cotyledons remain in the seed coat for a long 
period, but its length was not determined. A tuberous stem several 
centimeters in length is produced before other structures emerge 
from the seed. The first true leaf, just now appearing in the green- 
house material, is somewhat circinate, distinctly hairy, and arises 
almost from the center of the stem (jigs. 44, 45). In the peculiarly 
severe conditions in which Microcycas lives, there is often great danger 
to the seedlings of dessication, and the production of a stout tuberous 
stem before the production of leaves is evidently of great advantage. 


SUMMARY 


1. Small and widely separated groups of Microcycas calocoma 
occur in some of the mountains of western Cuba. 

2. The adult plant is a small tree, and reaches the greatest height 
and circumference yet recorded for any cycad indigenous to the 
western hemisphere. The stem may be a straight shaft or may 
branch many times. 

3. The ovulate cone is the largest known; and it and its sporo- 
phylls bear more resemblance to those of Zamia than to those of other 
cycads. 

4. Unbranched vascular bundles pass up the stalk of the mega- 
sporophyll, anastomose in the expanded portion, then give off five to 
eight branches to each ovule. Immediately after entering the ovule 
each branch divides, one subdivision passing unbranched through 
the fleshy layer, and the other passing into the hard layer and branch- 
ing many times. 

5. The staminate cone is long and slender, and two-thirds of the 
abaxial side of its sporophylls is densely covered by sporangia which 
do not show any distinct grouping into sori. 

6. In the male gametophyte eight body cells are formed and six- 
teen sperms. Each body cell has two large blepharoplasts which 
usually lie on opposite sides of the cell, but sometimes may lie side by 
side. Sometimes nine or ten body cells are produced. 
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7. The female gametophyte is often prominently lobed, and 
develops a large number of archegonia (sometimes exceeding 200), 
which are produced on any part of the surface or even within the 
endosperm. 

8. Many embryos are produced, the suspensor being very long 
and spirally coiled and pressing the embryo tip against the endo- 
sperm; the cotyledons are three to six in number. 

9. Microcycas may be regarded as the most primitive cycad vet 
described. 


I wish to acknowledge the kindly assistance in the field and in 
camp from Sefior DON FELICE HERNANDEZ ¥ Cruz of Santa Catalina, 
Cuba; assistance in the field and courtesies in the laboratories of the 
Cuban Agricultural Experiment Station from Professor C. F. BAKER, 
Director J. T. CRAWLEY, Mr. H. A. vAN HERMANN, and Mr. E. W. 
HatsTepD; and courtesies of the laboratories, constant suggestions, 
and helpful criticism from Professor JoHN M. CouLter and the 
members of the botanical staff of The University of Chicago. 
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EXPLANATION OF PLATES X-XIII 
PLATE X 


Fic. 15. Diagram of nucellus showing haustorial branches of pollen tubes 
growing upward and outward from pollen chamber. X15. 

Fic. 16. Diagram of megasporophyll showing anastomosing of veins in 
expanded portion; veins passing into ovule and rebranching at base of ovules 
into outer fleshy and stony layers: g, female gametophyte; m, nucellus; 7, stony 
layer; v, unbranched vascular bundle in fleshy layer (0); v', branching vascular 
bundles in stony layer. x #. 

Fic. 17. Pollen tube containing eight body cells, some of which show two 
blepharoplasts; one small tube nucleus; stalk cell and projecting into it the 
prothallial cell; a fragment of the exine adheres to the intine at the base of the 
tube. X 160. 

Fic. 18. Pollen tube with eight body cells, tube nucleus, stalk cell, and 
prothallial cell. x 160. 

Fic. 19. Pollen tube at left of fig. 15; contains ten body cells and the other 
structures shown in jigs. 17 and 18. X160. 

Fic. 20. Pollen tube containing nine body cells. x 160. 


PLATE XI 


Fic. 21. Body cell surrounded by thin layer of cytoplasm; blepharoplasts at 
opposite ends of the cell; nucleus apparently compressed by radiating fibers; 
prominent nucleolus. x 750. 

Fic. 22. Blepharoplasts on same side of body cell. X 1400. 

Fic. 23. Blepharoplasts near one another. 1400. 
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Fic. 24. Blepharoplasts in contact. X 1400. 

Fic. 25. Spindle in body cell, showing some of the chromosomes; blepharo- 
plasts beginning to form band. X 750. 

Fic. 26. Diagram of nucellus showing several pollen tubes; lowest one show- 
ing the descending portion in which the sixteen sperms are formed. X15. 

Fic. 27. Pair of mother cells formed from body cell; near wall may be seen 
fragments of blepharoplasts. X 750. 


PLATE 


Fic. 28. Descending tip of pollen tube in which are fifteen sperms in process of 
formation; top of spiral of one is shown, and the beginnings of spiral bands in 
two others; to the left is the tube nucleus. X 450. 

Fic. 29. Pollen tube containing sixteen sperms, two of which show merely 
the tip of their spiral bands; it was not possible to discover in this tube the usual 
haustorial branch that ascends into the nucellus, all development having appar- 
ently taken place almost within the limits of the old microspore; intine unusually 
heavy and somewhat broken; growth in the direction of the archegonia. X 180. 

Fic. 30. Sperm seen from above. X750. (Plate XI.) 

Fic. 31. Part of ciliated band showing two regions and cilia arising from 
darker one. X1400. 

Fic. 32. Diagram of cross-section of ovule, made from cross-section about 
one-third its length from micropylar end. x 3. 

Fic. 33. Diagram of an archegonium. X 75. 

Fic. 34. Archegonium, showing central cell and one neck cell. 

Fic. 35. Tip of archegonium; neck cells absent or broken down. X 750. 

Fic. 36. Archegonium containing three nuclei, probably resulting from union 
of three archegonia; neck cells absent or broken down. X 750. 

Fic. 37. Archegonium containing three nuclei, probably resulting from union 
of three archegonia. X270. 

Fic. 38. Diagram of section of two archegonia, the two having the form of 
one, but still separated by wall. 270. 

Fic. 39. Cross-section of an archegonium containing two nuclei. 270. 

Fic. 40. Two young embryos, their suspensors so closely attached as to be 
indistinguishable above, but separated below; at top is mass of old archegonia 
from one of which the embryos are growing. X2. 

Fic. 41. Older embryos growing from mass of old archegonia; the longest 
suspensor measured 8™ in length; two suspensors growing upward from the 
archegonia were closely appressed to the gametophyte immediately beneath the 
nucellar cap. X3. 

Fic. 42. Endosperm (seed coats removed) containing an embryo; cotyledons 
spirally twisted, a feature not present in most seeds examined. x }. 

Fic. 43. Germinating seed. }. 

Fic. 44. Young plantlet resuming growth after having been transplanted; 
stem in same position as found in nature; at its top are scale-like growths which 
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apparently are beginnings of bud scales; first leaf circinate, distinctly hairy, and 
showing the beginning of leaflets. x 4. 

Fic. 45. Plantlet, of same age as in fig. 44, removed from the earth; does not 
show scale-like growths. x 4. 


PLATE XIII 

Fic. 46. Pollen tubes in nucellus; body cells (eight in each of two tubes) 
seen in the ascending haustorial branches. 

Fic. 47. Two body cells, showing form of nucleus, blepharoplasts, and 
radiating cytoplasm. 

Fic. 48. Tip of female gametophyte, showing mass of archegonia. 

Fic. 49. Cross-section of female gametophyte about 3°™ from micropylar end. 

Fic. 50. Longitudinal section of female gametophyte, showing archegonia at 
micropylar end, along both sides, in median line, and at basal end. 
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APOGAMY IN NEPHRODIUM 


CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 
XCVIII 


SHIGEO YAMANOUCHI 


This preliminary note will give a brief account of my cytological 
studies on apogamy in Nephrodium molle Desv., which were con- 
ducted at the Hull Botanical Laboratory, the University of Chicago, 
under the direction of Professor Joun M. CouLTeR and Dr. CHARLES 
J. CHAMBERLAIN, to whom I acknowledge my great indebtedness 
for their suggestion and assistance in this investigation. 

To undertake the solution of such an important problem as apog- 
amy, it is absolutely necessary for an investigator to have beforehand 
a thorough knowledge of the nuclear condition in the normal life- 
history of a selected form. For this reason I have made a complete 
study of the normal life-history of Nephrodium in order to obtain the 
knowledge requisite for an investigation of the problem of apogamy. 

The detailed account of this investigation, with plates and a dis- 
cussion of literature will be published later in three successive papers, 
entitled ‘“‘Sporogenesis;” ‘‘Spermatogenesis, oogenesis, and _fertili- 
zation;’ and “A study of apogamy.” 

Mitoses in the sporophyte.—It was very easy to get the successive 
stages of the process of the vegetative mitoses in various parts of the 
leaf, but the most favorable figures were obtained during the forma- 
tion of the sporogenous tissue. 

The resting nucleus in the sporogenous tissue contains a delicate 
network with one or several nucleoli. Approaching the prophase 
of the mitosis the network passes into the continuous spirem, uniform 
in thickness and distributed throughout the nuclear cavity. Two 
kinoplasmic caps with few fibers are formed at the-two poles out- 
side the nucleus. The nuclear membrane becomes elongated a little 
toward the kinoplasmic caps and begins to break down at that point. 
Coincident with this the spirem segments into a number of chromo- 
somes to which intruding spindle fibers become attached and finally 
establish an equatorial plate that has a characteristic aspect which 
will be shown in a final paper. 
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. The chromosomes at the equatorial plate split longitudinally, 
and, after a peculiar change of their form, two groups of daughter 
chromosomes pass to the opposite poles of the spindle, where they 
become closely crowded in a mass. The polar view of this stage 
shows that the number of chromosomes is 128 or 132. Nucleoli 
fuse usually into one or two globules which decrease in size, finally 
vanishing during the prophase. The daughter chromosomes, 
crowded in a mass at the poles of the spindle, become so closely 
aggregated that it is hard to identify their individual outlines; then 
follows vacuolization of each chromosome. 

The central spindle lying between two poles after organization 
of the daughter nuclei seems to contribute material for the formation 
of the cell plate, and consequently it proceeds from the center toward 
the periphery of the cell. 

The resting nucleus of the spore mother cell contains a fine net- 
work of linin, in which the chromatin material is distributed in larger 
and smaller knots. With the further growth of the nucleus, the knots 
in the network decrease in size, whereas the delicate linin part increases 
in thickness, and finally there is formed a well-developed spirem, uni- 
form in thickness and very much tangled. This state soon passes 
into the synaptic stage, which seems to culminate by location of the 
tangled spirem at one side of the nuclear cavity. The spirem consists 
of two threads, close together; in some parts the two are in contact 
side by side, and in the other parts they are fused into a single thread. 
These two threads may represent, according to the recent interpreta- 
tion of synapsis, chromatin of maternal and paternal origin. 

After synapsis, the tangled thread begins to uncoil and becomes 
distributed throughout the nuclear cavity; the spirem shows longi- 
tudinal splitting, but the two elements of the spirem which resulted 
therefrom remain closely associated so as to form a double thread, 
which finally segments into 66 or 64 chromosomes, each showing 
clearly its bivalent nature. 

Fibrillar structures which first appear at the periphery of the clear 
region closely surrounding the nucleus become more and more 
pronounced until they approach the nuclear membrane, and when 


the membrane breaks down the fibers enter into the nuclear cavity from 
several directions. 
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When the spindle becomes bipolar, the chromosomes at the 
equatorial plate are arranged regularly, so that the counting of their 
number is easily done from the polar view. These 64 or 66 bivalent 
chromosomes separate and two sets of daughter chromosomes, each 
64 or 66, pass to the poles of the spindle, and daughter nuclei are 
formed by the vacuolization of chromosomes. 

Granularization of cytoplasm now begins at the periphery of the 
equatorial plate and proceeds toward its center, and seems to replace 
entirely the central spindles, so that the spore mother cell is divided 
into two hemispheres by the equatorial zone of granular cytoplasm. 

Except in the number of chromosomes, the second, the so-called 
homotypic mitosis, is essentially the same-in Nephrodium as the 
typical mitosis of the vegetative cell; 64 or 66 chromosomes reappear 
at the prophase of the second mitosis, split longitudinally, and are 
distributed into spores. 

Spermatogenesis.—The mitoses in the vegetative cells of prothallia 
are similar to those of the sporophyte. The number of chromosomes, 
however, in this case is 66 or 64. The account of the mitoses which 
take place from the cutting-off of an antheridial initial from the 
superficial cell of the prothallia to the formation of sperm grand- 
mother cells will be omitted. The number of chromosomes is always 
66 or 64. 

The sperm grandmother cell is characterized by the first appearance 
of blepharoplasts. The blepharoplasts first appear as two small 
granules at opposite sides of the nucleus, near the periphery of the cell, 
which means that the origin of the blepharoplast in Nephrodium is 
cytoplasmic. The resting nucleus of the sperm grandmother cell 
passes through the prophase, metaphase, anaphase, and telophase, 
the number of chromosomes being 66 or 64, and the blepharoplasts 
are always present near the poles of the spindle. After telophase, 
each daughter cell of the sperm grandmother cell or the sperm mother 
cell contains a single blepharoplast. 

When the cell plate is completed, a new body appears near the 
nucleus of the sperm mother cell, far apart from the blepharoplast. 
For,the sake of convenience, we shall term this body, at present, the 
Nebenkern. 


The blepharoplast in close contact with the nucleus increases 
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in size and assumes gradually a coiled band shape, while the nucleus, 
after an interesting modification of chromatin material, becomes 
also a coiled structure. The cilia appear only on the outer surface 
of the blepharoplast. The Nebenkern remains attached at the 
posterior end of the mature sperm, with the remnant of cytoplasmic 
material. 

Oogenesis and fertilization—In the formation of an archegonial 
initial from a vegetative cell of the prothallium, 64 or 66 chromosomes 
are present. The mitoses which occur in the formation of the cen- 
tral cell, neck and ventral cells, and neck canal, ventral canal, and 
egg cells, have very interesting peculiarities which will be described in 
a later paper. The noteworthy thing is that the number of chromo- 
somes is 64 or 66. 

Sperms pass through the archegonial neck and reach the egg cell. 
Normally a single sperm succeeds in entering, through the cytoplasm, 
into the egg nucleus which is in the resting condition. Within the 
egg the sperm finally loses its individual outline. 

The fertilized egg nucleus in the resting state passes into the pro- 
phase of the first segmentation division. The spirem is a homogeneous 
thread structure, uniform in thickness, and seems to be continuous. 
It segments into a number of chromosomes that become arranged in 
an equatorial plate. The chromosomes in the equatorial plate split 
longitudinally and two sets of daughter chromosomes separate and 
pass toward the poles of the spindle. The polar view of this set shows 
that the number of chromosomes is 128 or 132. 

The further processes of segmentation divisions during the develop- 
ment of an embryo were traced out in order to make certain the number 
of chrosomomes, and 128 or 132 are always present. 

A pogamy.—The prothallia which produce apogamous sporophytes 
do not seem to be different from those which form normal embryos, 
so long as they remain a single cell layer in thickness throughout. The 
morphological structure does not seem to show any peculiarity. Num- 
erous antheridia are produced. Although the mitoses which give rise 
to sperm mother cells from a primary spermatogenous cell are different 
from those of a normal case, yet the motile sperms are developed. 

The most important and peculiar feature of the prothallia in 
connection with apogamous growth is as follows: The successive 
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cell divisions proceed in the cushion region as usual in a normal 
case, but no tunctional archegonium is formed. In a certain portion 
in or near the cushion region, a superficial cell divides perpendicular 
to the surface of prothallium, while cells below the surface divide 
in various directions. Thus a mass of peculiar structure, whose 
further development would result later in an independent sporophyte, 
is worked out directly by the continuous growth of the prothallium. 

The nuclear conditions were traced through the critical stage, inter- 
mediate between gametophytic prothallia and sporophytic structure, 
to the independent sporophyte. The number of chromosomes remains 
unchanged, always being 64 or 66. There is no migration of a 
nucleus from a neighboring cell to effect fusion, as is reported in 
Lastrea. 

Conclusions.—The nuclear condition of Nephrodium molle may 
be summarized as follows: 

1. The nuclei of the prothallia contain 64 or 66 chromosomes, 
the reduced, gametophytic, or « number. The nuclei of the gametes 
contain the same number. The fusion nucleus in the fertilized egg 
presents 128 or 132 chromosomes, the unreduced, sporophytic, or 2+ 
number, which keeps ynchanged until it is reduced during sporogenesis. 
Consequently it follows in the normal life-history of Nephrodium that 
the gametophyte contains the x number of chromosomes and the 
sporophyte the 2% number, and that sporogenesis and fertilization 
are the periods which mark the initiation of the two distinct generations. 

2. The nucleus of a prothallial cell with the x number of chromo- 
somes (64 or 66) sometimes becomes directly the nucleus of a sporo- 
phyte, apogamously produced; so that the x» number of chromosomes 
continues through the whole life-history in the apogamous sporophyte. 
This fact does not seem to affect the fundamental idea that the alterna- 
tion of generations is marked by the difference in the number of chromo- 
somes in the normal life-history; but is simply an abnormal case 
of secondary importance. Still it must be admitted that in the case 
of apogamy at least the number of chromosomes is not the only factor 
which determines the character of the sporophyte and gametophyte. 


THE UNIVERSITY OF CHICAGO 


CURRENT LITERATURE 


BOOK REVIEWS 
Plant breeding 


Proressor DeVries has contributed a most interesting volume' to the 
literature of plant breeding and its relations to the current theories of evolution. 
It is a compact and popular presentation of the recent wonderful development 
in methods of plant breeding, and a clear statement of the bearing of all this 
vast experimental work upon the author’s theory of mutation. Of special interest 
to American readers are the description of the methods and the results obtained 
at the Swedish station at Svaléf under Nitsson, and the comments upon the 
work of BuRBANK. The work of the former will come to many as a revelation, 
and the work of the latter will be better understood. 

The material of the book is derived chiefly from a series of lectures given during 
two summers at the University of California and the University of Chicago. It 
is presented under a series of topics, each of which is complete in itself, but all 
of which contribute to the general purpose of the author, as expressed above. 
This accounts for a certain amount of repetition, but it is the kind of repetition 
that uses the same material to illustrate the various points of view involved in a 
great conception. It is difficult to give an adequate idea of the contents of such 
a book, for the principles become convincing only when illuminated by the details 
of experimental work. 

The first topic, entitled ‘‘ Evolution and mutation,” is a general introductory 
definition of the mutual relations of evolution, natural selection, and mutation, 
relations that seem to be persistently misunderstood. Unit-characters, as the 
essential feature of mutation, are defined; and hybridization is shown to result, 
not in new unit-characters, which characterize mutation, but simply in a new com- 
bination of unit-characters. This position is supported, not only by the author’s 
experiments, but by numerous cases in horticulture, by the constancy of wild 
species, by the behavior of characters in crosses, by the occurrence of clearly 
defined small species within the ordinary species of wild plants and agricultural 
crops. It is claimed that the slow change of one species into another has not 
been proved, and that the mass of present evidence points to the origin of species 
from other species by ‘‘sudden leaps,” which are called mutations. 

The second topic deals with ““The discovery of the elementary species of 
agricultural plants by HyALMAR NILsson,”’ whose work the author evidently 


' DeVries, Huco, Plant-breeding; comments on the experiments of Nilsson and 
Burbank. Pp. xiii+ 360. Chicago: The Open Court Publishing Co. 1907. 
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regards as of the deepest significance, not only in practical plant breeding, but 
chiefly in reference to evolutionary doctrine. To develop the importance of 
Nisson’s work clearly, the author considers the general topic in four sections. 
The first is a historical sketch of the ‘Different principles in the breeding of 
cereals,” in which the contributions of LECouTEUR, SHIRREFF, HALLETT, 
Hays, and Von Locnow are considered. The first two worked upon the prin- 
ciple of a single initial selection and subsequent rapid multiplication without 
further selection, in this sense being the precursors of the Svaléf method. Then 
came the domination of HALLETT, whose principle was accepted by German 
breeders, and seems to govern them to this day. Its two essential features are 
the initial choice, and the slow and gradual improvement by selection. With 
great force the author shows that all depends upon initial choice, subsequent 
selections only serving to isolate the deviating types; and these “ initial choices” 
were never numerous. It is significant that DARWIN’s theory of natural selection, 
based inferentially upon artificial selection, was developed at a time when this 
so-called “‘German method” prevailed, and the emphasis was being laid upon the 
continuous selection rather than upon the initial choice. The second section 
describes ‘‘The Swedish Agricultural Experiment Station at Sval6f.” It began 
with the German conception of plant breeding, but soon changed to its present 
ideas. The results have shown that ordinary cultivated varieties of cereals are 
not pure, but are mixtures of well-defined and very numerous types; that when 
there is so great a range of types for selection, there is only loss of time in gradual 
amelioration by so-called methodical selection or in hybridization to secure 
new varieties. The third section presents ““The Svaléf method of producing 
improved races,” being a detailed account of the method of selection developed 
by Nitsson and his staff. Elementary forms are distinguished by definite ‘‘marks”’ 
(botanical characters) that have been found to be associated with certain indus- 
trial qualities. The selection is made only once, and the form is found to be 
quite uniform and constant, with the exception of accidental hybrids, which, 
however, also yield constant and pure races after repeated selection. The high 
variability which is commonly attributed to the ordinary varieties of cereals consists 
only in the differences among the constituents of the mixtures. The fourth section 
is ‘‘A criticism of the principles of continuous selection,” and is a most effective 
analysis of the bearing of Nrtsson’s work upon the question of the origin of 
species by natural selection or by mutation. According to the author, the idea 
of unit-characters has changed the whole point of view, and the theory of mutation 
is supported by the general occurrence of elementary species and their constancy, 
by a comparison of the value of fluctuating variability and mutability among 
cereals, and by the researches of Nitsson. He goes so far as to claim that 
“the victory of the theory of a saltatory origin of species can no longer be doubted.” 

The third general topic is “On corn breeding,” and it is most interesting to 
read the comments of a trained European plant breeder upon the methods of 
breeding used in connection with this dominant cereal of the United States. 
The real breeding of corn began about ten years ago, with the discovery of the 
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principle of single-ear selection, started by Hopxins of the University of Illinois. 
The main difference in the breeding of corn and other cereals is that among the 
latter cross-pollination is an exception, while with corn it is the rule, and repeated 
selection becomes necessary to eliminate the effects of previous crosses (not for 
slow improvement, as commonly supposed). One catches glimpses of the 
immense possibilities in breeding corn, as well as the amateurishness of our 
current methods. 

The fourth topic is entitled ‘The production of horticultural novelties by 
Luther Burbank,” who has the misfortune of being both overestimated and 
underestimated. No one is better equipped than DeVries, through training and 
temperament, to reach a true estimate, and hence this section of the volume is of 
great interest. The topicis presented under four divisions, the first dealing with 
“Methods and material.” BURBANK is described as “‘a man who devotes his 
whole life and all his energies to the introduction and production of new, beauti- 
ful, and useful horticultural plants,” and who has rediscovered many of the prac- 
tices more or less universally known in Europe. A special feature of his work 
is the large scale on which his selections are made; and his main work consists 
in the production of new horticultural varieties by crossing, getting combinations 
of desirable qualities, and eliminating undesirable ones. The second section gives 
details of the conspicuous “New varieties of fruits and flowers” originated by 
BurBANK. There is an analysis of the simpler methods of producing what are 
called ‘‘new varieties” in horticulture, with illustrations from some of BURBANK’S 
most notable achievements, so far as the author could get at the scientific side 
of his performances by questioning. The general conclusion to be drawn from 
his operations is that combinations of characters can be obtained by crosses in 
almost any arbitrarily chosen direction or degree, but that new unit-characters 
are probably never produced. The third section deals with ‘Hybridization 
and selection” as practiced by BURBANK. The aim of the hybridizer is to upset 
the constancy of his plants and produce an extreme chaos of forms, from which 
his selections may be made. To get the real pedigree of any plant in this chaos 
is impossible, and the hybridizer does not care, for he is only after the results. 
BurBANK is credited with “a special gift of judgment” in his selections, but 
his results are new combinations of characters and not the production of new 
characters. All such practical hybridizing and selection “afford highly valuable 
resources for theoretical discussion, but on single points they should not be 
accepted as definite proofs, but only as indications for more circumscribed experi- 
ments.”” The last section, entitled “Mutations in horticulture,” shows that 
most new horticultural varieties originate as “chance seedlings,’ many illustra- 
tions from BURBANK’s work being used to show that it is the occasional ‘chance 
plant” with some peculiar character that has been seized upon and propagated. 
It would seem, therefore, that mutations in horticulture have been frequent. 

The very important fifth topic is “The association of characters in plant 
breeding,” and it is presented in five sections. The first discusses ‘Association 
of characters in nature,’ and shows that there is a regular coincidence of marks 
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hitherto regarded as independent of one another, as the association of the color 
and hairs of the leaves of the seedlings of common stock with double flowers; 
of the characters of the foliage of the quince with the qualities of the fruit; of the 
form and hairiness of the scales of barley with the practical qualities of the grain. 
The author believes that a discovery of the laws governing such “correlations” 
may give us a certain amount of power over them that will prove of immense 
practical and experimental importance. The second section illustrates “Correla- 
tions in agricultural breeding,” and it is stated that “‘to the practical breeder it 
shows the way in nearly all the burning questions, and for the scientist it may 
give the solution of numerous problems which have eluded his evolutionary specu- 
lations for more than half a century.” The third section, entitled “A methodi- 
cal study of correlations,” describes in detail the remarkable system of records 
developed at Svaléf to keep track of all the marks and their associations. It is 
called ‘‘a model of the combination of science and practice.”” The fourth section 
deals with “Correlations in fluctuating variability,” and is a theoretical discus- 
sion of the influence of externai life-conditions on the phenomena of correlation, 
illustrations being taken from teratology and from agricultural plants. The 
cause of this parallelism between different organs is seen in nutritive factors most 
prominently, minor ones being temperature, moisture, light, etc.; and illustrations 
are given to show how such factors would affect several regions simultaneously. 
The last section deals with “ Unit-characters,” and is a most fundamental specula- 
tion from the standpoint of evolution. Each organism is conceived of as a “‘micro- 
cosm, consisting of thousands of elementary entities, which combine to give 
it its form and function.”* These are the units which govern and control the 
visible characters and qualities. The larger the number of common units and the 
smaller the number of different units, the greater will be the affinity. As to the 
nature of a “‘unit,” there are two points of view. They may be approached by 
analyzing the visible characters and reducing them to independent groups; or 
there may be some invisible, although material cause, which constitutes the real 
source of each unit. There is no reason to assume that a unit should be limited 
to one organ, to one tissue, or to one cell. A unit may show its activity in different 
organs, sometimes even in almost all parts of a plant. This explains correlations 
and “has overwhelming importance in hybridism.” Crosses give insight into 
the nature of unit-characters, showing what marks belong together, and dividing 
so-called characters into their constituent units. When one unit is added to.or 
subtracted from a well-known type, the result is a mutation. The author is 
impressed with the idea that the study of correlations must be conducted on the 
broadest possible lines, and that in this direction we shall approach some definite 
knowledge of evolution. 

The last topic is “‘The geographical distribution of plants” and is chiefly 
an expression of doubt as to the real value of the current ideas concerning ‘the 
nature of adaptations of organisms to theirenvironment. For example, the current 
view of desert plants is that they are ‘‘astonishingly specialized and adapted for 
large regions where it is impossible for other plants to thrive.” It is a natural 
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inquiry, however, whether all these species are natives of the desert and have 
acquired their special characters under the influence of their environment. ‘“‘Is 
it the desert which has made them what they are, or are they perhaps only a selected 
few from among the widely differentiated forms which are everywhere abundant 
on more favorable soils?”’ Present distribution is the result of migration, and 
migration is directed by the given characters of the species. The qualities of 
organisms are the causes, and the distribution is the result. 

Altog:ther, the book is full of pregnant suggestions, and should do much 
toward clearing up some of the evident confusion concerning the views of the 
distinguished author.—J. M. C. 


Progressus Rei Botanicae 


Genetics.—In the valuable series of botanical reviews published by the 
Association Internationale des Botanistes under the title Progressus rei botanicae, 
BATESON? traces the progress made in the study of heredity by the pedigree- 
method since the rediscovery of MENDEL’s principles. For this discipline, 
which has so rapidly advanced to a place of prominence among the biological 
sciences, he proposes the name genetics. 

The expressed object of the author, “to give an account of the progress 
in the study of heredity and variation which has followed the rediscovery of 
MENDEL’s work,” has been carried out in a full and complete way, except for the 
notable omission of all but a passing reference to biometrical work, which has 
also made good progress during the same period, and which also belongs, at least 
in large measure, in the field of genetics. This omission is evidently due to the 
desire on the part of the author to avoid everything of a controversial nat:re. 
The literature of Mendelian heredity is fully cited and discussed, and the bibliog- 
taphy appended includes 140 titles. Certainly no one could have been selected 
to present the side of genetics represented by Mendelian hybridization, who is 
in position to speak with more authority than BATESON, and this summary of the 
literature to the early months of 1906 is of great value to all interested in the 
general subject —G. H. SHULL. 


Immunity.—As an introduction to this part, by R. P. vAN CALcaR,? the 
fundamental principles of adaptability of plasmodia to rising concentrations of 
glucose and the general influence of chemotaxis are discussed. The reactions 
to toxic ferments by the cells of some plants, in consequence of which the cell 
walls increase in thickness, are considered in the sense of self-defense or immunity. 
Similar protective processes are described in reference to bacteria. From these 
general considerations the author proceeds to the more complex subject of immun- 
ity in the animal body. After briefly explaining the theory of phagocytosis of 
METCHNIKOFF, the immensely important work on hemolysis is given its proper 


2 BATESON, W., The progress of genetics since the rediscovery of Mendel’s papers. 
Progressus rei botanicae 1:368-418. figs. 24. VAN Catcar, R. P, Die Fortschritte 
der Immunetiats- und Specifitits-Lehre seit 1870. Idem, pp. 533-642 figs 20. Jena: 
Gustav Fischer. 1907. M. 18 the volume. 
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place as opening up new fields of research in immunity. The specificity of the 
phenomena accompanying the formation of agglutinins and precipitins is 
brought to the attention of the reader, and their diagnostic value is discussed 
pro and con. The crowning theory of immunity, Enriicn’s side-chain theory, 
is then taken up at some length and its points of contact with METCHNIKOFF’s 
theory brought to light. 

The difficult task of discussing the important subject of immunity has 
been ably executed and a large amount of information is given in this book. The 
author has done justice to the various workers who have contributed to the develop- 
ment of modern views, and has striven to bring into harmony to some extent the 
opposing opinions of different factions. The subject is much condensed, in 
some instances almost too much so, yet without seriously interfering with clearness 
and conciseness. The volume is admirably suited for those students who wish 
to obtain a general insight into the subject without going into detail. A complete 
list of the literature enables the student to investigate any particular subject he 
may be interested in—P. G. HEINEMANN. 


MINOR NOTICES 


North American Uredineae.—In Part III of the first volume of this work, 
Hotway3 continues his presentation of Puccinia in the order of hosts, concluding 
Leguminosae and extending through Halorrhagidaceae. The species numbers 
extend from 84 to 120, including three new species on Sidalcea, Viola, and Bois- 
duvalia. The clear text,and the excellent plates reproducing photomicrographs 
of the spores make this monograph most attractive in appearance.—J. M. C. 


Acta Horti Bergiani.—The fourth volume of this series,* under the editor- 
ship of Wirrrock, is dedicated to the bicentenary of Linnagvs. It contains 
seven papers, illustrated by 24 plates, many of them handsomely colored, and 
176 text figures, and deals chiefly with forms under cultivation in the Bergian 
garden. Veit B. Wittrock (pp. 32) gives an account of the life and work of 
LinNAEUS, illustrated by three portraits. H. DAHLSTEDT (pp. 32. pls. 2. figs. 8) 
gives an account of seven new species of Taraxacum under cultivation. Nurts Syt- 
VEN (pp. 8. pl. r) describes two Senecio hybrids. S. ALmguist (pp. 88. fl. 1. 
figs. 84) describes numerous forms of Rosa, many of them called mutations. 
Gust. O. A:w MALME (pp. 16. pls. 4) describes forms of Victoria cruziana. 
Ernst ALmgulist (pp. 92. figs. 66) describes and illustrates a surprising number 
of elementary species of Capsella Bursa-pastoris. VrE1tT B. WITTROCK (pp. 187. 
pls. 13. figs. 18) shows that Linnaea borealis is an exceedingly polymorphic and 
polychromic species, the latter fact appealing strikingly to the eye in the eight 
handsomely colored double plates, nearly 150 new forms being described.—J. M. C. 


3 Hotway, E. W. D., North American Uredineae. 
Minneapolis, Minn. 1907. 


4Kungl. Svenska Vetenskaps-Akademiens Tradgird Bergielund. Stockholm. 
1907. 
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NOTES FOR STUDENTS 


Recent anatomical papers.—A very detailed account of the leaf structure of 
American Lauraceae has been given by PETZOLD,5 his purpose having been to 
establish at least generic anatomical characters. The leaf structure, however, 
proves to be quite uniform, and generic distinctions are not feasible. For 
example, a concentric structure is characteristic of Silvia, but occurs also in a few 
species of Phoebe and Nectandra; a hypoderm is developed in Cryptocarya and 
Hufelandia, but also in some species of Ocotea, Persea, and other genera; a 
closed sheath of stereome surrounds the veins constantly in some genera, but not 
in others; crystals of calcium oxalate, otherwise so frequent in this family, do not 
occur in Lindera and Dicypellium, but they are also absent in several species of 
other genera. The paper is a welcome contribution to the knowledge of the 
anatomy of these plants, even if no generic characterization seems possible. 

The structure of leaves, seeds, and pollen of Polemoniaceae have been 
examined by HULLER,® his material including a large number of American 
species. It deserves mention that calcium oxalate was detected in certain 
species of Collomia and Gilia as single crystals, and as druids in the monotypic 
Bonplandia. The stomata were always observed to lack subsidiary cells, thus 
agreeing with the type of Ranunculaceae. Trichomes as covering-hairs and as 
glandular hairs are very common, representing several characteristic forms. In the 
midrib of Phlox Drummondii and various species of Gilia, the mestome strand 
contains two or sometimes several groups of leptome. 

In regard to the structure of the seed coat, Phlox is the only genus in which the 
epidermis contains mucilage only in the outer wall beneath the cuticle. The 
peculiar spirals of cellulose were noticed in most species of all genera except 
Phlox. Inside the epidermis there are usually some strata of compressed tissue 
and a pigment layer; but in Cobaea a fourth tissue was absent, namely, woody 
parenchyma beneath the epidermis. The nutritive tissue, which is relatively 
sparingly developed, contains oil and aleurone. 

The pollen grains are globose or elliptic, and the exine is never smooth, but 
covered with protuberances in the shape of ridges or granules in numberless 
variations. There are always more than three germ-pores, from four to many, 
and in some cases scattered irregularly over the surface. Although the author 
had to depend upon dried specimens, the results are nevertheless quite interesting 
and of importance to systematic anatomy. However, a study of fresh material, 
including the stem and root, would be highly desirable. 

Forty-three species of Meliosma (Sabiaceae) have been examined by 
Diu.’ The palisade tissue is very characteristic in representing a modification 


5 PETZOLD, V., Systematisch-anatomische Untersuchungen iiber die Laub- 
blatter der amerikanischen Lauraceen. Bot. Jahrb. 38: 445-474. 1907. 
G., Beitrige zur vergleichenden Anatomie der Polemoniaceen. Beih. 
Bot. Centralbl. 217:173-244. pl. 8. figs. 25. 1907. 
7 Drum, H., Das Blatt der Gattung Meliosma in anatomischer Hinsicht. Beih. 
Bot. Centralbl. 21t:117-147. pls. 5-6. figs. 2I. 1907. 
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of HABERLANDT’s ‘‘arm palisade parenchyma,” differing from it in the several 
arms or branches being borne upon a larger basal cell. This peculiar modifica- 
tion is called by the author “‘coralloid palisade parenchyma,” and is known only 
in Meliosma. The pneumatic tissue is often very open and passes insensibly 
into the palisade tissue; and it appears as if the chlorenchmya might be com- 
posed merely of pneumatic tissue modified somewhat on the upper face of the 
leaf-blade. Calcium oxalate occurs in all the species of Meliosma, and mostly as 
druids; globose conglomerations, however, were also observed in some few 
species.—THEO. 


Origin of the yeasts.—The problem of the autonomy of the group of Saccharo- 
myces has been reopened by the researches of Viata and Pacorret.’ In two 
ascomycetes, Gloeosporium ampelophagum, the anthracnose of the grape, and 
G. nervisequum, the anthracnose of the plane-tree, they have found a complex 
polymorphism, the most striking feature of which is the presence of conidia 
capable of budding in yeast-like fashion and of forming endospores in cysts, 
like yeasts, but which are produced from the true ascomycete mycelium. Other 
fungi, such as the Mucorineae, Ustilagineae, etc., bud in this fashion also, but 
the formation of endospores was regarded by HANSEN as a certain characteristic 
of true yeasts. If these observations of ViALA and PAcortrTer are correct, they 
would seem to indicate that what are known as yeasts may only be forms of 
polymorphic ascomycetes. 

GUILLIERMOND,? in reviewing this work, grants that there may be such forms, 
but strongly suspects thgt the cultures were impure and contained not only the 
Gloeosporium but also a yeast living with it. The most experienced observers 
have been led into errors from this same cause. In defense of the autonomy of the 
Saccharomycetes and at the same time of the interpretation of the cyst producing 
endospores as an ascus, GUILLIERMOND’® gives a general review of the yeast 
situation. The extended work of HANSEN and his students has made it highly 
improbable that our industrial yeasts could ever revert to the mycelial condition, 
that is, their characters have become so fixed that now they form an independent 
and distinct group of the ascomycetes. The conjugations in such yeasts as 
Zygosaccharomyces Barkeri and Schizosaccharomyces octosporus, as they have been 
observed by BARKER"! and GUILLIERMOND, is the strongest reason for consider- 
ing the resulting product as an ascus. This conjugation, with its fusion of nuclei 
and subsequent division into endospores, is regarded by GUILLIERMOND as the 
equivalent of the fusion of the two nuclei in the ascus and the formation of asco- 
spores. It is true that a majority of the yeasts do not show this conjugation, but 


8 VIALA et PacotTet, Compt. Rend. Acad. Sci. Paris 142:458-461. 1906. 

9 GUILLIERMOND, A., A propos de l’origine des levures. Ann. Mycol. 5:49-69. 
1907. 

10 GUILLIERMOND, A., Rev. Gén. Bot. 17:337-376 pls 6-9 1905. 

tt BARKER, Phil. Trans. Roy. Soc. London B. 194:467-485. pl. 46. 1901. 


1907] CURRENT LITERATURE 


155 
this may be due to the fact that they have become parthenogenetic. The con- 
jugation observed in Saccharomycodes Ludwigit by GUILLIERMOND, where the 
endospores conjugate before germination, may be only a secondary development 
introduced into parthenogenetic forms as a means of recuperation. ‘The exist- 
ence of the conjugation preceding sporulation, coupled with the cytological char- 
acter of the sporange, demonstrate in an evident manner the ascogenous nature 
of this organ, and one ought to consider with HANSEN that the Saccharomyces con- 
stitute an autonomous group belonging to the Ascomycetes and near to the 
Exoascaceae.”—B. F. LuTMAN. 

Heredity in micro-organisms.— Working with the yeast Saccharomyces anomalus 
and the bacteria B. coli-communis, B. typhosus, and B. megatherium, BARBER™? 
has extended the investigations of HANSON, BEIJERINCK, CONN, MAYER, and 
others on such variation as may arise spontaneously from cells which vary inde- 
pendently of environment. The cells chosen were those showing a morphological 
difference from the parent, and the new races of descendants were tested further 
for biochemical differences. The problem of isolation was thus a much more 
difficult one than that of selection of bacterial ‘‘sports” in mass with physiological 
differences, such as that of a white colony among red pigmented ones. BARBER 
devised and describes an ingenious method for isolating single varying cells 
from a hanging drop under the microscope by means of a capillary tube, with 
apparatus for holding and adjusting it under the lens. A single cell drawn into 
this could be discharged into another hanging drop, placed in a sealed moist 
chamber, and its development and descendants watched for as many generations 
as necessary. With the yeast BARBER obtained in this way new races whose 
morphological characters (large, long cells) persisted over three years, such a new 
race successfully competing with the parent stock when mixed with it in culture. 
Attempts to further modify the race by selection failed. Much the same results 
were obtained with the bacteria. These varieties were true mutations, appearing 
suddenly with full-fledged characters, apparently independent of natural selection 
and comparabie with sports among multicellular organisms. If physiological 
characters are correlated with morphological, as in the case of increased power of 
fermentation of one of BARBER’s races of B. coli, it seems probable that mutation 
may be a factor in the origin of increased virulence of some pathogenic bacteria.— 
Mary HEFFERAN. 

Position of the nucleus.—Kisrer's has made a rather extensive series of 
observations upon the relation between the position of the nucleus and cell growth 
and the formation of membranes. His conclusions differ from those of HABER- 
LANDT, especially in reference to the position of the nucleus in root hairs and 
stomatal apparatus, and in cells undergoing local thickenings of the cell wall. 


12 BARBER, MARSHALL A., On heredity in certain micro-organisms. Kansas 
Univ. Sci. Bull. 4:3-48. pls. 1-4. 1907. 


13 KUSTER, ERNST, Ueber die Beziehungen der Lage der Zellkernes zu Zellen- 
wachstum und Membranbildung. Flora 97:1-23. 1907. 
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While Kister confirms HABERLANDT’s observations that the nucleus is usually 
near the tip of the rhizoid in many plants, he finds that in Hydrocharis morsus- 
ranae, and in many other plants of similar habitat, the nucleus is just as constantly 
at the base of the root hair. The suggestion is made that the position of the 
nucleus in root hairs may be a result of growth rather than a cause of it, or the 
position may be due to unknown factors. 

In regard to the position of nuclei in the stomatal apparatus, KUsTER is 
inclined to believe that the position of the nuclei of the neighboring cells is not 
related to the development of the guard cells, but rather that the position near 
the concave wall is due to physical factors which favor or compel this position. 
In many plants, like Osmunda regalis, when the neighboring cells are not crescent- 
shaped, the nuclei are not situated near the walls. 

Although KtsTer agrees with HABERLANDT that the nucleus is often found 
at the place where local thickenings of the cell wall are taking place, he also finds 
other instances where the nucleus is not so situated. 

In these three classes of phenomena, KUsTER regards HABERLANDT’S explana- 
tions as teleological. He himself, however, is not ableto find a satisfactory 
explanation for the varying position of nuclei and he believes that the factors 
which determine it have not yet been discovered.—CHARLES J. CHAMBERLAIN. 

Items of taxonomic interest.—J. N. Rose (Smithson. Quarterly 50:32. 
1907) has made additions to his synopsis of the Mexican species of Ribes and 
has described a new species; has proposed, in connection with J. H. PAINTER 
(idem 33-34), the new generic name Morkillia for Chitonia Mog. and Sessé 
(Zygophyllaceae), which is a homonym of Chitonia D. Don.; and has described 
(idem 63-64. pl. 6) a new Cactus from Guatemala, a species of the Melocactus 
type, to which he proposes to shift the generic name Cactus.—N. PATOUILLARD 
(Bull. Soc. Mycol. France 23:50-52. 1907) has described a new genus (Le 
Ratia) of hymenogasters from New Caledonia.—H. Harms (Bot. Jahrb. 40: 15-44. 
1907), in his fourth paper on African Leguminosae, has described a new 
genus, Englerodendron—R. Hamet (Bull. Soc. Bot. France 54:26-38, 52-76. 
pl. 2. 1907) has published a synopsis of the genus Drosera, recognizing 65 species, 
setting aside 4 as insufficiently known, and excluding 7.—S. Brown (Torreya 
7:125, 126. 1907) has described a new spruce (Picea albertiana) from the Canad- 
ian Rocky Mts., which had been referred to both P. canadensis and P. mariana.— 
A. ZAHLBRUCKNER (Ann. K. K. Naturh. Hofmus. 20:350. 1907), in centuries 
xii and xiii of his Kryptogamae exsiccatae, publishes a new lichen (Rinodina 
iowensis) from granite rocks near Fayette, lowa.—J. M. C. 

Vegetation in Somerset, England.—Following the lead of the late RoBERT 
SMITH, vegetation maps are multiplying in England. The latest is that of the 
Bath and Bridgewater district of Somerset, and is the work of C. E. Moss." 


14 Moss, C. E., Geographical distribution of vegetation in Somerset: Bath and 
Bridgewater District. Publ. Roy. Geog. Soc. London. pp. 71. figs. 24. colored map. 
1907. 


bs / 
pa 
Fi 


1907] CURRENT LITERATURE 157 
The lowlands area is presented under the following formations: dune, muddy 
salt marsh, rocky headlands, aquatic, and peat moor. The section given to a 
consideration of the upland area contains an account of the plant formations of 
the sandstones, the limestones, the deep marls and clays, and the region of culti- 
vation. The history of the plant formations is traced, it being shown that a 
plant formation begins as an open or unstable association, passes through inter- 
mediate associations, and eventually becomes a closed or stable association. For 
example, the dune formation in this region begins as an open association, either 
of strand plants, or of Agropyron junceum, or of Ammophila arundinacea, and 
only reaches the intermediate associations of dune pasture plants or of dune marsh 
plants. The formation of the muddy salt marshes begins as an open association 
of Salicornia, and, after reaching an intermediate association of halophilous plants, 
the salt marshes are reclaimed. The author concludes that in a small area, like 
England, the plant associations are determined much more by edaphic factors 
than by climatic conditions.—J. M. C. 

Toxicity of solutions.—To determine if the fact discovered by NAGELI, that 
insoluble solid substances placed in poisonous solutions in which algae are grow- 
ing reduce the toxicity of the solutions, holds also for fungi, Miss Fircu's has 
investigated the action of insoluble substances upon media in which fungi were 
grown. Penicillium and Aspergillus were grown in pure cultures in beet decoction, 
in prune decoction, and in bouillon to which sulfuric acid had been added, making 
concentrations of n/4, n/8, n/16, n/32, n/64, and n/128. It was found that such 
substances as glass in different degrees of fineness, sand, and filter paper reduce the 
degree of toxicity of the poisonous solutions. For example, in cultures of Aspergil- 
lus in beet decoction, 2/64 and n/128 H,SO, showed stimulation, while 2/32 was 
near the border line of beginning toxicity; but with the addition of glass n/32 
showed the greatest stimulation of growth of the series, and a concentration as high 
as 7/16 still showed marked stimulation. All other experiments showed results 
of the same nature, thus establishing the fact that the principle of NAGELI holds 
in this case, as it has been shown to hold for flowering plants. Such results were 
to be expected, since the modifying action of the solid substances is exerted on 
the solution and not on the organisms growing therein.—H. HASSELBRING. 

Glycogen and sporulation in yeast.—Kont’° finds that glycogen is more 
abundant in actively budding cells of Saccharomyces cerevisiae which he examined 
than it is in the resting cells. In view of this fact he believes that glycogen is not 
exclusively a reserve product, but that it represents an intermediate product in 
the formation of alcohol from sugar. He suggests that glycogen is broken down 
to glucose and isomaltose, which undergo splitting into alcohol and CO, by the 
action of zymase, and that the hexoses consequently first undergo transformation 


's Fircn, Rusy, The action of insoluble substances in modifying the effect of 
dcleterious agents upon the fungi. Ann. Mycol. 4:313-322. 1906. 


_ ‘© Kout, F. G., Ueber das Glykogen und einige Erscheinungen bei der Sporula- 
tion der Hefe. Ber. Deutsch. Bot. Gesells. 25:74-85. pl. 1. figs. 2. 1907. 
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into glycogen in the process of alcoholic fermentation. In other fungi also 
Kout finds that glycogen is not primarily a storage product; it does not appear 
in the spores of the Mucorales nor in sclerotia until germination or growth has 
begun. In the same paper Koni gives some preliminary observations on the 
sporulation in yeast. The young spores are frequently surrounded by fatty 
substances in the early stages of formation. The nucleus divides amitotically 
both in budding and in spore formation, and one to four spores are formed. 
In the first case the cell nucleus becomes the spore nucleus directly. Often a 
nucleus which does not produce a spore remains in the cytoplasm of the mother 
cell after the spores are formed.—H. HASSELBRING. 


Supernumerary pollen grains of Fuchsia.—BEErR"’ has investigated Fuchsia, 
whose pollen mother cells are recorded as producing five to fourteen micro- 
spores. He found frequently six to ten microspores within a single cell, and a 
study of the nuclear divisions led to the conclusion that these high numbers are 
due to the occurrence of irregularities in the distribution of the chromosomes during 
anaphase, as described by JuEL for Hemerocallis. The chromosomes move very 
unevenly toward the poles, and some, either singly or in groups, lag behind and 
often become cut off entirely from the two main chromosome groups. Usually 
these separated chromosomes give rise to distinct nuclei, which vary in size accord- 
ing to the number of chromosomes they contain. During the second division the 
small as well as the large nuclei produce distinct spindles and divide. The 
second division is much more regular than the first, and no supernumerary nuclei 
were observed to origin&te at this stage. The small pollen grains are as definitely 
organized as the large ones, so far as the usual walls and their composition are 
concerned.—J. M. C. 


Embryo sac of Peperomia.—JoHNson'® has discovered in a delicate, shade- 
loving, Jamaican species of Peperomia (P. hispidula) an interesting variation of 
the well-known situation in P. pellucida. There is a single hypodermal arche- 
sporial cell, which cuts off a tapetal cell. The mother cell develops the embryo 
sac directly, the first four free nuclei being “arranged in a perfect tetrad.” At 
the next division a distinct polarity is developed, two nuclei passing to the micropy- 
lar end of the sac, and the other six grouping at the antipodal end. At the next 
division the Peperomia condition of sixteen free nuclei is reached, four being 
micropylar and twelve antipodal. A well-defined egg and one synergid are 
organized, the two remaining micropylar nuclei passing toward the center of the 
sac, where they encounter the twelve antipodal nuclei. The whole group of 
fourteen nuclei fuses into one great fusion nucleus. The division of this fusion 
nucleus is accompanied by wall-formation, and an endosperm tissue of about 
forty cells is developed.—J. M. C. 


17 BEER, Rupotr, The supernumerary pollen grains of Fuchsia. Annals of 
Botany 21: 305-307. 1907. 

18 JoHNSON, D. S., A new type of embryo sac in Peperomia. Johns Hopkins 
Univ. Circ. 1307:no. 3. 19-21. pls. 5-0. 
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Influence of external conditions on geotropic response.—A timely paper by 
Bacu’® records some valuable conclusions, of which perhaps the most important 
is that the length of the reaction time cannot be used as a measure of the amount 
of stimulation. The minimum presentation time found in a variety of species 
was two minutes, as compared with fifteen minutes found by CzAPEK. CZAPEK’S 
figure has thus far been widely accepted, but the lower values of the author are 
apparently good. The length of the plant is a factor if the plant is less than 
medium, in which case the reaction-time is lengthened. Temperature is a potent 
factor, even variations of 14-35°. Such variations have been regarded by CZAPEK 
as impotent, but the opinion was based on the behavior of different material. 
Either regular or irregular shaking are indifferent factors. Other important con- 
ditions tried were duration of stimulation, centrifugal force, positional deviations. 
The paper shows the guiding hand of Firrinc, whose service is acknowledged. 
—RaymonD H. Ponp. 


Young sporophytes of Lycopodium.—-Miss WiccLEsworTH?? has investi- 
gated the structure of sporelings of L. complanatum and L. clavatum, the material 
being obtained from Dr. BRUCHMANN and consisting of two sporophytes of each 
species. The first root may show monarch, diarch, and triarch arrangement in 
the same plantlet, the phloem occupying the center of the stele and extending 
between the xylem groups to its periphery. . The roots arise endogenously near 
the apex of the stem and either pass out directly or downward through the cortex. 
At the base of the stem the vascular strands are continuous with those of the first 
root, and a fusion of two or of all three of the xylem strands occurs. The xylem 
strands take a very irregular course, fusing with one another and subdividing in 
the lower part of the stem. The upper part of the stem shows a triarch or tetrarch 
arrangement of xylem with central metaxylem, generally connected with two or 
more groups of protoxylem.—J. M. C. 


Embryology of Rhytidophyllum.—Coox?' has investigated the embryology 
of Rhytidophyllum (R. crenulatum and R. tomentosum), a genus of Gesneriaceae, 
the material being Cuban. The ovulate archesporium is a single hypodermal 
cell, which usually functions directly as a megaspore. The embryogeny is of 
the well-known Capsella type, differing only in certain features of dermatogen- 
formation and in the contributions of the hypophysis. The embryo encroaches 
upon both endosperm and nucellus, and in the mature seed is invested only by 
the integuments.—J. M. C. 


19 Bacu, Hetnricu, Ueber die Abhingigkeit der geotropischen Prasentations- 
und Reaktionszeit von verschiedenen dusseren Faktoren. Jahrb. Wiss. Bot. 44:57- 
123. 1907. 


2° WIGGLESWoRTH, GRACE, The young sporophytes of Lycopodium complanatum 
and Lycopodium clavatum. Annals of Botany 21:211-234. pl. 22. 1907. 

21 CooK, MELVILLE T., The embryology of Rhytidophyllum. Bull. Torr. Bot. 
Club 34:179-184. pl. 10. 1907. 
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NEWS 


Proressor F. H. Bittincs of the Louisiana State University has been 
appointed assistant professor of Botany in the University of Kansas. 

A SHORT SKETCH of the late MAXWELL T. MASTERS, with portrait, written by 
JAMEs BRITTEN, is published in Journal of Botany 45:257-258. 1907. 

Dr. E. B. CopELAND declined the announced appointment at the University 
of West Virginia and immediately returned to his post in the Philippines. 


PROFESSOR FRANCIS E. Lioyp has been appointed chief botanist to the 
Intercontinental Rubber Company. Professor Lioyp’s address will for the 
present be Torreon, Mexico. 


Dr. HERMANN VON SCHRENK has resigned from the U. S. Department of 
Agriculture, and has opened an office as consulting timber engineer at St. Louis. 
He has been appointed also pathologist of the Missouri Botanical Garden. 

IT IS PROPOSED to erect a memorial to the late Professor LEo ERRERA of the 
University of Brussels. American botanists who wish to contribute are requested 
to send their subscriptions to M. J. Massart, 44 rue Albert de la Tour, Brussels. 

Dr. Fritz Nott, professor of botany in the Agricultural College at Poppels- 
dorf and assistant professor of botany in the University of Bonn, has been 
appointed professor of botany and director of the botanic garden at the 
University of Halle. 

A NEW QUARTERLY JOURNAL has been announced by Williams and Norgate 
(14, Henrietta Street, Convent Garden, London W. C.), bearing the name Rivista 
di Scienza. It is to be “an international review of scientific synthesis,” the desire 
being “‘to coordinate the work carried on in different fields of knowledge.” It 
will be issued in two editions: an international edition, in which each article will 
appear in the language of the author; and an Italian edition, in which the German 
and English articles will be translated. In the list of writers for the first numbers 
the names of the following botanists appear: DARWIN, HABERLANDT, PIROTTA, 
Sota, WETTSTEIN, and WiesNER. The subscription price is 20 shillings. 
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